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ABSTRACT
The restoration of foundations of residential and light commercial structures that
have been affected by differential displacement resulting from problematic soil
conditions has been an ongoing issue since early times. In Florida, the issue of structures
being affected by subsidence of soils related to sinkhole activity has been a problem that
has gained more interest and exposure within the last 20 years. Structures affected by
sinkholes have been historically addressed by remediating the soil mechanism which
caused the structure to displace and then structurally addressing the portions of the
structure that have displaced with steel underpins installed on the foundation. More
comprehensive soil investigations are revealing that multiple soil mechanisms are
contributing to the displacement of structures. Based on case studies of structures being
partially underpinned on soils affected by multiple problematic conditions, Engineers
have been forced to develop more comprehensive foundation restoration plans. These
comprehensive plans were intended to address the potential for differential movement
between portions of the structure supported by post-construction deep foundations and
those portions of the structure that remain bearing on the soil.
With limited products available for Engineers to rely on to adequately support
cast-in-place concrete slabs on grade, the comprehensive restoration of structures on
problematic soils has become cost prohibitive and structures throughout the state of
Florida are either being left in a distressed state or are being repaired with substandard
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repair methods. Being exposed to this ongoing trend manifested the need to develop a
solution to this detrimental problem.
Having been involved in the design phase and the restoration process of structures
affected by displacement, a comprehension was developed on the products available to
support and restore slabs on grade and where those products were deficient. After several
prototypes, the development of a new support bracket was invented which would more
efficiently support and lift displaced slabs. This slab support bracket was named the ISB07.
This thesis is based on the research and development that was conducted on the
ISB-07 and on different slab specimens. This research was performed to demonstrate that
a slab supported by the multi pivoting arm ISB-07 slab bracket can be more efficient than
previous support methods.
It was concluded, after performing full scale testing, ultimate load testing, stress
analysis, computation and finite element analysis, that the influence area of support
provided to a cast-in-place concrete slab by the ISB-07 is greater than previous support
methods. Therefore, the required spacing between interior slab supports when the ISB-07
is utilized is significantly increased and therefore the amount of interior supports
warranted is reduced. With this reduction in interior supports, the disturbance of the
existing structures slab is minimized. This reduction in disturbance and materials needed
to stabilize structures directly translates to a cost savings which in turn will lead to more
structures being properly repaired.

xxii

CHAPTER 1: INTRODUCTION
The restoration of foundations of residential and light commercial structures that
have been affected by differential displacement resulting from problematic soil
conditions has been an ongoing issue since early times. Due to the fact that a structure’s
success is highly dependent on the condition of the subsurface soils on which a structure
is constructed, any alteration to the soils properties and load bearing capacity will affect
the manner in which the structure behaves once those soils undergo subsidence or
expansion and contraction.

Figure 1.1: Photograph of a Structure Swallowed by a Sinkhole
Once a structure has been structurally affected by displacement, there exists
current technology which is capable of stabilizing, lifting and re-leveling displaced
structures. This technology is referred to as underpinning which incorporates the use of
1

micropiles, or more commonly referred to as underpins, to hydraulically lift the
foundation of structures.
Once a structure has been compromised to the point where the interior slab of the
structure requires supplemental support, only limited technology exists to accomplish this
support. Currently, interior slabs of structures, when requiring supplemental support to
lift and re-level them to pre-existing conditions, is accomplished by installing micropiles
through holes cored in the slab. These piles are installed at spacing not exceeding five
feet on center due to the linear support which is provided by the bracket installed beneath
the slab and the slabs ability to spread the load to these isolated supports. This method of
supporting concrete slabs becomes cost prohibitive due to the number of supports
required to adequately support a slab and therefore a more effective manner to support
slabs was developed.

Figure 1.2: Photograph of a Structure with Conventional Underpins throughout the Slab
2

This advancement in technology to provide post construction support to concrete
slabs was the development of the ISB-07 slab support bracket. The ISB-07 is a multipivoting arm bracket assembly which can be inserted through a small diameter hole
within a slab and can provide a uniform influence area of support once installed beneath
the slab. Prior to introducing the ISB-07 into the industry of foundation restoration, the
effectiveness of the ISB-07’s influence on a slab had to be confirmed and the load
capacity of the ISB-07 had to be determined.

Figure 1.3: 3D Model Image of the ISB-07 Slab Bracket
The experiment used to determine the influence area of a slab supported by an
isolated support bracket consisted of utilizing an existing concrete slab cast on grade and
instrumenting the top surface of the slab with strain gages. The strain gages were used to
capture the strains introduced to the top surface of the slab when an isolated support
bracket was used to lift the center of the slab. The goal of the experiment was to develop
a correlation between loading, concrete strength, slab configuration, and influence area
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and to correlate those results to computation and finite element analysis. The second part
of the testing was to determine the load capacity of the ISB-07 slab bracket. This was
accomplished through a series of ultimate load tests performed on the ISB-07 with
instrumentation of the ISB-07 with strain gages and load cells.
This thesis covers the testing and analysis that was performed to determine the
effectiveness of the ISB-07. It was theorized that when a slab, originally cast on grade, is
subsequently supported by an isolated interior support bracket, an influence area of
diminishing effect develops within the slab and that this area can be instrumented and
mapped. How these isolated support brackets affect the existing concrete slab is
influential when designing and maximizing the manner in which the slab is supported.
1.1 Organization of Thesis
This thesis is organized into eleven subsequent chapters which covers the
background, the invention of the ISB-07, the different stages of the full scale testing,
computation, finite element analysis, design tables, load testing on ISB-07, stress analysis
on the ISB-07, the results based on the testing and analysis and is concluded with two
case studies.
Chapter 2, the background section, outlines the history of stabilizing foundations
and what soil mechanisms affect shallow foundations. This section also gets into a brief
history of micropiles and current methods of stabilizing and lifting structures.
Chapter 3 provides a background on the development of the ISB-07 slab bracket.
The principles behind the invention of the ISB-07 are discussed as well as the
specifications of the ISB-07 bracket. This chapter will also outline the installation
sequence for the ISB-07 slab bracket.
4

Chapter 4 discusses the preparation of the full scale slab test. This chapter covers
the specifics of the slab specimens used, the testing protocols, the instrumentation of the
slab, and the data acquisition hardware used for the collection of the data.
Chapter 5 discusses the dynamic loading of the slab when lifted with the ISB-07
bracket and the various aspects of the slab that were monitoring and collect during this
process.
Chapter 6 provides specifics on the post processing of the data collected during
the dynamic loading of the slab. This chapter will depict the charts and graphs developed
as part of the experiment and a discussion on these results will be provided.
Chapter 7 will provide the details regarding the finite element analysis that was
performed on the same slab specimen that was tested. The results of this analysis will be
discussed.
Chapter 8 discusses how the results of the testing, computation and analysis were
developed into design tables which a designer can then use to specify the ISB-07 for
foundation restoration projects.
Chapter 9 provides the protocols for the ultimate load testing of the ISB-07. This
chapter describes the load test apparatus, procedure and results of the testing.
Chapter 10 provides the protocols for the stress analysis performed on the ISB-07.
This chapter describes the load test apparatus, instrumentation, procedure, post
processing and results of the testing.
Chapters 11 and 12 conclude with two case studies on homes that were
comprehensively restored with the use of the ISB-07 to lift and re-level the interior floor
slab. These case studies take the reader through the projects from their commencement to
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their completion with a comparison of the cost to perform the restoration as opposed to
what the cost would have been with previous restoration methods.

6

CHAPTER 2: BACKGROUND
2.1 History of Stabilizing Foundations
The alteration in the levelness of buildings caused by ground movement has been
in existence since the early times. Some suspect that early civilizations attempted to
remediate the sinking and heaving tendencies of their structures by inserting lumber,
earth, or stone underneath its foundations. Many attempts and processes to repair cracks
in walls and ceilings due to unleveled soil have been passed on through the years but only
involved minimal science and theory until the early 1950s.
The earliest scientific progress of the micropile came in 1952 in Italy. Specialty
contractor Fondedile, under the technical direction of Dr. Fernando Lizzi, designed a pile
for the repair and re-leveling of displaced structures that was smaller in diameter than
construction requirements of that time. A need arose for its use, and micropiles were
finally introduced to the soil mechanics and foundations community, with its application
specifically for the underpinning and preservation of historical buildings and monuments
damaged after World War II. Soon after, in the 1960s, micropiles became an effective
underpinning solution in Europe.

Micropiles were used to provide support for

underground urban transportation schemes in Germany and for repairing historic
buildings in the United Kingdom.
Fondedile introduced the micropile and its uses to the United States in 1973 when
he carried out a number of underpinning jobs in New York and Boston. Though there
were mixed opinions regarding the underpinning process at first, the United States began
7

to recognize it as a valuable construction alternative. The micropiles patent expired in
1987, and US competitors entered the market. This opened up an increased need for its
utilization in America, and provided opportunities to develop its uses for other
applications. A new market soon grew worldwide, developing construction and material
standards for micropile’s wider use.
Today, the developments of micropile technology and its various applications are
still soaring. With its in-depth theory, practical uses and reliable results, the use of
micropiles for foundation protection has earned a trustworthy reputation. Engineers
throughout the world have regarded the micropile and the underpinning process as an
asset and a valuable alternative for foundation rehabilitation and improvement.
2.2 Which Soil Mechanisms Affect Shallow Foundations
Displacement to a structure bearing atop of a continuous foundation can occur
across the entire floor area of the structure (Uniform Displacement) or can be isolated to
a portion of the structure (Localized Displacement). Continuous foundations are those
that provide a continuous load path from the structure down to the foundation.
Continuous foundations include but are not limited to monolithic thickened edge slabs,
stemwall on strip footings and grade beams. Soil conditions can affect the manner in
which the foundation can transfer the loads from a structure. Soil conditions can range
from tree roots to soil subsidence. Foundations are designed to support loads given a
certain soil bearing pressure coefficient. If the soil bearing capacity is affected by soil
conditions then the foundation’s capacity to support load is compromised. This can cause
either uniform displacement or localized displacement depending on the area of the soil
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that has been affected. The following are several problematic soil conditions that can be
encountered.

Figure 2.1: Photograph of a Displaced Structure
Organic soils can be detrimental to the support of the foundation of a structure.
The soils under many structural foundations contain buried or neglected items that were
left to decompose. Soils that include a substantial amount of decayed or decaying plant
matter, wood, peat, and roots are considered organic. Over time, the soil, acid and
moisture can break down these items and the organic matter will continue to decay and
the soil will experience a decrease in volume. If organic laden soil is under a structure or
concrete slab, the decrease in soil volume may cause settlement or subsidence. After the
organics decay and decompose, a void is left under the soil beneath the foundation. This
void can be isolated to a portion of the structure resulting in localized displacement or the
soil through the foundation can contain organic matter which will result in global
displacement.
9

Erosion of near surface soils can occur for several reasons.

Insufficient or

improper drainage will undermine the foundation by washing the soils away from the
bottom of the footer which, depending on the extent of the soil erosion, will cause the
foundation to displace. Soil erosion problems can be addressed as simple as installing
roof gutters or can become more complicated as is when an area is developed or a road is
constructed and water runoff and site drainage is not taken into account for existing
neighboring structures.
Tree roots are another mechanism that can result in differential displacement of a
structure. As tree roots grow they increase in diameter and can be potentially harmful if
planted near a foundation. If a tree root happens to grow beneath the foundation of a
structure, it can cause a slow upheaval over a long period of time, eventually leading to
cracks around the affected area. The more the diameter of a tree root increases, the more
likely cracks can show up on the affected structure’s walls. The remediation of this
problem would logically be to remove the tree; however, this action will cause the root
system located beneath the foundation of the structure to decompose which will result in
the same detrimental effects that the decomposition of organic soils have on foundations.
Expansive soils in many parts of the United States pose a significant hazard to
foundations for light buildings. Expansive or plastic clays behave similar to sponges:
expansive clay soils shrink when they become dehydrated, due to the lack of moisture
from the surface or from a decrease in the groundwater table, and they expand or swell
when fully saturated. Structures that are built with a foundation system that is within the
influence of these types of soils are subject to upward and downward movement as the
soils moisture levels fluctuate. This movement can vary from heave in wet conditions to
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settlement in dry conditions. Swelling clays derived from residual soils can exert uplift
pressures of as much as 5500 psf, which can do considerable damage to lightly-loaded
structures.
Soil subsidence, commonly referred to as sinkhole activity, is the result of a
dynamic geologic process. The limestone bedrock that lies beneath the soil contains
many openings, fractures and cavities that have resulted from the percolation and flow of
mildly acidic water from the surface. This surface water slowly erodes or dissolves the
calcium carbonate of the limestone, enlarging the paths along which the water flows.
Once the pathways are large enough, soil also begins to move downward with the water.
The result is a gradual downward movement of the land surface. As the subsurface loses
its ability to support the weight of a structure, the foundation and structure will evidence
displacement.
Construction and/or design deficiencies within the foundation can affect the way a
foundation supports a structure and can lead to displacement of the structure.
Construction related issues can include, but are not limited to: the depth the foundation is
constructed below grade, the soil bearing coefficients used for the design of the
foundation, inadequate reinforcement of the foundation and improper forming of the
foundation. Deficiencies in one or several of these conditions can lead to the
displacement of the structure.
Change in loading for a structure occurs when a structure designed to support a
given amount of dead and live load is introduced to either a large concentrated load or an
unexpected distributed load (introduction of load bearing components). A common
occurrence for change in loading to a structure is when a structure designed for a single

11

story is modified several years after construction with the addition of a second story. This
scenario will impose additional loads on the foundation, which was sized for loading
conditions not accounting for the second story, which can overload the foundation and
either uniform or localized displacement will occur.
2.3 The Micropile
The restoration of displaced structures is
currently being accomplished with the utilization of
micropiles, commonly referred to as underpins. A
micropile is a small diameter hollow steel pipe that
is drilled, bored, or hydraulically advanced into the
soil for the support of structures in all ground
conditions. The diameter of a micropile is typically
less than 12 inches and characteristically has a high
diameter-to-axial-load-capacity ratio.

Micropiles

can reach working loads of 300 tons but the typical
design load for micropiles used for residential
restoration is typically less than 30 kips. Micropiles
can be installed effectively in depths up to 200 feet,
provided a thorough geotechnical investigation has
been conducted; however, typical installation depths

Figure 2.2: Image of a
Micropile

throughout Florida do not exceed 100 feet below ground surface. In instances when
depths exceeding 100 feet below grade is expected, consideration needs to be taken for
buckling of smaller diameter piles as well as when low blow count soils are encountered
12

during the subsurface exploration process. The use of micropiles has increased in the US,
particularly in Florida where this technology is seen as an economic solution to
stabilizing and restoring the foundations of residential and light commercial structures
affected by problematic soil conditions.
2.4 Most Common Types of Micropiles
Several methods and styles of micropiles exist. The two most commonly used
types of micropiles are the helical pile and hydraulically driven pile. Helical piles and
driven piles are used predominantly in deep foundation applications for residential and
commercial restoration. Each method has distinct advantages which are described in
Table 2.1.
Table 2.1: List of Advantages for a Helical Pile System and for a Driven Pile System
Helical Pile Advantages

Driven Pile Advantages

- Fast installation
- Can be used in preconstruction
applications
- Minimizes soil disturbance
- Can be used for compression and
tension applications
- Does not apply unintended loading
to structure
- Does not result in vibration
-Can be retracted

-Can be used in confined spaces
-Can be placed adjacent to load
bearing component
-Pile is load tested during installation
-Can be installed in a wide range of
ground conditions
- High design loads (up to 300 tons)
- Cost effective installation and
fabrication
-Can be used for significant lift
amounts
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Figure 2.3: Image of a Helical Pile System and a Driven Pile System
Each of these systems can be utilized to lift and re-level displaced structures,
however, each system should be evaluated for performance in the soil conditions at the
site where the structure is located. For example, the performance of the helical pile in
dense clays may be prohibited given that the pile may not be able to be installed through
the active zone of the clays. Another example would be that the structure does not have
the adequate amount of dead load to advance a driven pile system to competent bearing.
In any case, the design professional should take these conditions into account when
specifying a foundation restoration system.
2.5 Development and Other Applications of Underpinning
Prior to micropiles, other more traditional methods for supporting structures were
used. Amongst these methods were mass concrete, pier and beam, pile and beam,
minipiles, and grouting.

14

Figure 2.4: Drawing of a Mass Concrete System
The mass concrete method consists of large amounts of concrete being poured
into an excavation underneath the structure to help further stabilize it. Though mass
concrete is cheap, simply designed, and capable of supporting large amounts of loads, it
does not have lifting capabilities. It is also only used for shallow underpinning, where
bearing strata can be at most 5 feet under the foundation. Labor for the mass-concrete
method becomes time consuming and cost-ineffective when utilized at depths greater
than 5 feet under the foundation, so a newer, more cost efficient and quicker method of
the traditional underpinning was developed.
The pier and beam method consists of a pier and beam system installed beneath
the foundation in order to transfer the load of the structure to deeper bearing strata. With
pier and beam, a reinforced concrete beam supported by mass concrete piers extending
down to competent strata is used throughout the entirety of the structure. The beams are
placed under the foundation on top of the concrete pads to provide temporary support
during the pier installation process as well as a way to spread the load evenly in the
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Figure 2.5: Drawing of a Pier and Beam System
section it is supporting. Though it is effective for shallow foundation projects, it is
ineffective at depths greater than 12 feet beneath the foundation.
The pile and beam technique uses steel or reinforced concrete beams running
through the walls of the structure typically three feet apart. From these beams, piles are
installed on opposite sides of the wall where practical, to support either side of the walls
of the structure. Pile and beams are generally used where the existing foundation is too
deep to excavate in a timely manner, external and internal access is possible, and where
existing foundations are generally in good condition.
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Figure 2.6: Drawing of a Pile and Beam System
The mini pile is an earlier form of the micropile, but with a larger diameter range
(6 in. to 12 in.). Mini piles are generally formed of hollow steel, driven into place under
the structure’s foundation with driving rigs. For further support, reinforced concrete or
grout may be poured into the mini pile. Mini piles can reach depths up to 100 feet and
can sustain working loads of up to 300 tons.

Figure 2.7: Drawing of a Mini Pile System
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Though grout is used as alternative filler for mini piles, it has many other uses.
Grout can be used as a form of ground improvement by enhancing impermeability and/or
strength of the soil. This improves bearing capacities below the soil grade. Types of
grouting are based on the injection pressure classifications. The injection pressure can
determine if grouting can be used for filling voids in the ground or to increase the soil
density and compact subsided soil.

Grouting offers an alternative method of

counteracting damage caused by ground movement, or can be used to further stabilize
underpinning work by strengthening the strata. Grouting is generally used preceding an
underpinning process to remediate the soil conditions which resulted in the structure’s
displacement.

Figure 2.8: Drawing of a Typical Grouting Operation
2.6 Current Approaches to Underpinning
Once the soil mechanism responsible for the displacement of a structure has been
identified and remediated if possible, then an appropriate foundation restoration
technique can be recommended. It is important to note that not all structures that sit atop
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of problematic soils require the use of underpins. The need and type of foundation
restoration technique should be determined by a structural engineer. There are currently
three types of foundation restoration techniques; stabilitive, restorative and preventative.
These three techniques can be accomplished with the use of underpins.
The first foundation restoration technique is a stabilization approach. A stabilitive
approach is intended to stabilize the affected portion of the structure in its current
position while relieving displacement related distress to those affected portions. This
approach is typically performed in conjunction with other structural measures in response
to construction deficiencies, for the purpose of supplemental strengthening and/or if a
desire to prevent further displacement related distress exists. Stabilitive approaches are
typically utilized when repairs or modifications have been performed in an attempt to
conceal existing displacement related damage therefore lifting and/or leveling will be
anticipated to cause excessive collateral damage.
Once the structure is stabilized, any remaining cracks and separations can be
cosmetically addressed subsequent to the stabilization process. This includes the floating
of the floors to regain the levelness desired. It is important to note that a period of time
should be allotted for the structure to redistribute internal stresses prior to completing
cosmetic repairs. Stabilitive designs do not prevent those portions of the structure not
supported by underpins from responding to possible future movements. Dynamic changes
within the soil can result from improperly remediated subsurface mechanisms, particle
redistribution, consolidation, changes in pore pressure and movements due to shrinkswell clay soils.
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The second foundation restoration technique is a restorative approach. A
restorative approach is to be implemented once the mechanism driving the differential
displacements has been arrested. Underpins are installed on the structure to lift and
restore the structure to a pre-event state while addressing and relieving displacement
related distress. This approach is intended to restore structural integrity to those portions
of the structure affected by the displacement.
It is common for existing cracks to be sealed during the lifting process; however,
it is not unusual for collateral cracks to occur. It is important to note that a period of time
should be allotted for the structure to redistribute internal stresses prior to completing
cosmetic repairs. Given that the structure has been altered from its previous position, the
time period warranted to redistribute internal stresses will exceed that of a stabilitive
approach.
The final foundation restoration technique is a preventative approach. A
preventative approach is to be implemented when dynamic changes within the soil, such
as changes in pore pressure and/or movements due to shrink-swell clay, are present or
anticipated at the site. A preventative approach is also recommended when the subsurface
soils affecting the structure cannot be corrected and underpins are intended to isolate the
structure from the problematic soils. The underpins will transfer the loads from the
structure to more stable soils existing below the problem zone. A preventative approach
can be implemented on existing structures as well as to proposed structures. When
underpins are to be used during preconstruction, a structural engineer should design the
foundation so that it is integrated to the preconstruction underpins.
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Within the preventative approach, there exist two methods of prevention; a
structural preventative design and a comprehensive preventative design. A structural
preventative design is utilized when the subsurface mechanism causes dynamic changes
in the soil; however, the movement is not expected to be significant. Only the load
bearing components (exterior walls, interior bearing walls, columns, etc.) will require
underpinning.
A comprehensive preventative design is warranted when the subsurface
mechanism is susceptible to causing significant differential displacement. In this
situation, the entire structure will require underpinning, including the interior slab. It
should be noted that when expansive clays are reported as the mechanism, this approach
should be implemented when the clays are at its greatest volume to prevent the structure
from being lifted off of the underpins during the expansion of the clay.
2.7 Current Methods of Stabilizing and Lifting Cast-In-Place Slabs
Performing a restoration of the foundation of the structure where the slab warrants
supplemental support to lift and stabilize, until recently, could only be accomplished with

Figure 2.9: Drawing of the Influence Area on a Slab from a Conventional Underpin
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the limited technology available. This technology utilized either a standard exterior
support bracket placed beneath the slab with the use of a steel spreader beam or utilized
an alternate support beam configuration placed directly on the pin pile. In either case, this
method of support only provided a linear support to the bottom of the slab which
translated to an elliptical influence area on the slab. Given this type of influence on the
slab, the spacing of these interior supports were limited by the least dimension of the
ellipse which was governed by the size of the hole cored through the slab, the size of steel
beam used and the configuration of the slab. For typical residential slabs, this dimension
would not exceed five feet which meant that the slab support could not be spaced further
apart than five feet on center without negatively impacting the existing slab.
Given that the underpins have to be installed at a maximum spacing of five feet
on center, a residential structure with an interior space of 3,200 square feet would warrant
at minimum almost 100 interior underpins to isolate the slab from a subsurface
mechanism that could not be remediated with standard soil remediation techniques. At an
average current cost per underpin of $1,200 per pile, the restoration of the interior of the
structure alone would be financially cost prohibitive. This spacing also does not leave
much room for maneuvering around expensive fixtures, cabinets, flooring, etc. Typically,
when a comprehensive foundation restoration utilizing conventional interior underpins is
attempted, all of the bathroom and kitchen cabinets and fixtures are removed which adds
to the total cost of the restoration.
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Figure 2.10: Photograph of Slab Cores for the Installation of Conventional Underpins
In order to install a conventional underpin beneath the slab, a standard 20 inch
diameter hole is cored in the slab and the soil beneath the slab is excavated. This requires
disrupting the components and fixtures throughout the interior of the structure. Once the
soil is excavated, the bracket is placed beneath the slab and the pile is advanced to
competent bearing. Depending on the system used, the advancement of the pile is
typically accomplished by hydraulic advancement using the load of the slab as a
counterweight. The more reputable contractors would supplement the load on the slab

Figure 2.11: Detail and Isometric View of a Conventional Interior Underpin
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with steel plates as counterweights but that task proved to be time consuming and labor
intensive.
Regardless of the underpin system utilized to support and lift the slab, the linear
support of the beam on the slab resulted in the limited spacing that one could design to
adequately support the slab. Due to the limited products available to support slabs, when
comprehensive foundation restoration was warranted, more than often a structure had to
be completely gutted in order to restore it to a pre-event state which often meant a
restoration cost exceeding the value of the structure. On the following page, Figure 2.12
has been provided which depicts a conceptual underpin layout utilizing conventional
exterior and interior underpins which would be required to accomplish the restoration of
a structure that had been compromised by highly expansive clays soils. The example
provided in Figure 2.12 was value engineered with the use of the ISB-07 and the
restoration was undertaken in 2009. The case study of this project has been attached in
Chapter 12. Although many comprehensive foundation restoration plans have been
prepared to address displacement related issues, it was observed that a majority of these
projects never continued through to the repair phase given the estimated cost of repair.
Given this dilemma, efforts commenced to develop an alternate solution to address this
problem.
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Figure 2.12: Drawing of a Comprehensive Underpin Plan with Conventional Underpins
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CHAPTER 3: INVENTION OF THE ISB-07 SLAB SUPPORT BRACKET
3.1 Issues with Prior Methods
Prior to the invention of the ISB-07 slab bracket, the only means to support, lift
and stabilize displaced slabs was to insert either a standard exterior support bracket
beneath the slab with the use of a steel spreader beam or utilize an alternate support beam
configuration placed directly on the pin pile. For conventional slab supports which
utilized and exterior bracket with a steel spreader beam, a 20 inch diameter hole would
need to be cored in the slab in order to facilitate the installation of the bracket. This size
hole spaced every five feet would significantly decrease the integrity of the slab. This, in
addition to the cost associated with installing interior piles at such a minimal spacing,
provided the incentive to develop a bracket which could be inserted through a smaller
diameter hole and be able to provide a uniform support on the slab by which allowing for
an increased distance warranted between interior supports. With this design parameter put
into place, the brainstorming commenced.
3.2 Development of the ISB-07 Slab Support Bracket
Several ideas were explored to determine the most practical manner to achieve the
slab support required. The first hurdle was to design a multi-arm bracket that could be
inserted through a smaller diameter hole than the 20 inches currently required. The goal
was set to design a bracket that could be inserted through the smallest, most commonly
used helical flight diameter, which was found to be ten inches.
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Once the size of the hole was set, the structural configuration of the bracket had to
be developed so that it could be inserted through the hole in the slab and then somehow
provide support to the bottom of the slab. Early phases of the slab bracket entailed a
cylindrical body with tabs along the top of the shaft that could fit through the hole in the
slab and then steel I-beams would bolt to the tabs. Numerical analysis was performed on
this design and it was determined that the moment created at the connection of the tab
would exceed the capacity of a bolted connection as well as a welded connection. Also,
the logistics of having to assemble the bracket arms within the constraints of the hole in
the slab would prove to be impractical.
After several iterations of design, the decision was made to integrate moving
components. The concept was to have a bracket that would be a single unit which had
multiple support arms. These arms would be assembled in a manner in which they could
collapse against the main body of the bracket to accommodate being inserted through a
ten inch diameter hole. Once the bracket was inserted into the hole, the arms of the
bracket could be opened from above the hole in the slab so that the installer would not
have to manipulate the bracket once it was inserted. The design of this bracket was
completed and a numerical analysis was performed to assure that all the connections and
components of the bracket would sustain, at minimum, four times the amount of load that
a fully loaded slab could provide to the bracket.
Once the size and configuration of the components were determined, a model of
the bracket was made within a computer modeling program. This model was created to
determine the most optimum manner to connect the arms of the bracket to the diagonal
supports so that the bracket could collapse to a size capable of fitting through the ten inch
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diameter hole and that the arms would be parallel to the horizontal surface of the slab
once the arms were opened.

Figure 3.1: Image of an Initial Iteration of the ISB-07
The arms of the brackets were initially made of three individual sections of plate
steel. Two vertical sections of plate steel were welded to the top plate and comprised the
webs of the composite arm. The diagonal supports of the arms were solid steel bar stock
with the ends of the member machined to accommodate the connection to the steel tabs
which were welded to the main body. Refer to Figure 3.1 which depicts one of the initial
iterations of the ISB-07.
Once the configuration of the bracket was developed, the mechanism which
would open the arms from the retracted to the open position still needed to be developed.
The mechanism currently being utilized was employed given its success in conventional
exterior support brackets. This mechanism used three all thread rods which were
connected at to the adjustable collar and to the lifting plates. When the lifting plates were
lifted, the adjustable collar on the main body of the shaft would slide upwards which
would engage the diagonal support arms attached to the collar.
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Once the diagonal arms were
engaged, the horizontal support arms,
which are attached to the diagonal
supports, would rotate up until the
adjustable collar made contact with the
stop ring. At this position, the arms of the
bracket were at 90 degrees with the main
body of the bracket.
This

configuration,

although

would meet all the criteria that the design
was based on, would prove to be costly
during the manufacturing process. The

Figure 3.2: Image of an Initial Iteration of
the ISB-07 with Lifting Mechanism

bracket assembly was analyzed again and a refined model was made which utilized
components that were readily available and connections that would be uncomplicated.
3.3 ISB-07 Specifications
The current version of the ISB-07 is comprised of structural “T” support arms,
double steel angles for the diagonal supports, a schedule 40 pipe for the main body, 1/2
inch diameter high strength all thread rod, heavy hex nuts, and plate steel for the lifting
plates. Currently there exist two versions of the bracket, one with 16 inch arms and the
other with 24 inch arms. Refer to Figure 3.3 for a detailed diagram of the ISB-07 with 16
inch arms.
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Figure 3.3: Detailed Diagram of the Current Version of the ISB-07

3.4 Installation Sequence of the ISB-07
The installation of the ISB-07 on a concrete cast-in-place slab on grade is
relatively straight forward. The process begins with the coring of the slab with a ten inch
diameter concrete coring bit. Once the core is removed, the soil in the area beneath the
slab where the arms of the brackets will occupy needs to be removed. This can be
accomplished with hand excavation or by vacuum extraction depending on the
composition of the soil beneath the slab. Currently a tool to excavate the soil beneath the
slab is being developed.
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Figure 3.4: Photograph of a Ten Inch Coring Apparatus
Once the soil has been removed, the pipe pile system selected by the engineer
and/or contractor is to be installed through the hole in the slab. Regardless of the system
used (a helical pile or a pre-drilled pile) the pile should be advanced to competent bearing
without utilizing the load of the slab to advance the pile. It is important that enough pipe
is left above the slab to accomplish the desired amount of lift on the slab.

Figure 3.5: Photographs of the Installation of a Helical Pile through a Slab Specimen
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Figure 3.6: Photographs of the Installation of the ISB-07 through a Slab Specimen
Once the pile is seated on competent bearing, the ISB-07 is to be inserted over the
pile in its retracted position through the hole. Once the bracket has cleared the bottom of
the hole, the top plate is to be lifted which will open the support arms. Once the arms
have completely opened, the bracket should not engage the bottom of the slab until the
following step is completed. In order to eliminate the undulations that will occur between
the support arm and the bottom of the slab, a bag filled with structural mortar should be
inserted between the arm and the bottom of the slab. Once the mortar has been inserted,
the bracket can be secured to the bottom of the slab by tightening the three nuts on the
lower top plate to the top of the pile. The mortar should be allowed to cure according to
manufacturer’s specfications prior to lifting the bracket.

Figure 3.7: Photographs of the Installation of the Lifting Ram on the ISB-07
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Once this step has been completed, the bracket is ready to be lifted. The lifting of
the bracket is accomplished by inserting a hydraulic ram between the two lifting plates.
Once the ram has been inserted, the ram is pressurized and the slab will begin to lift. The
slab should be lifted in conjuction with the adjacent support brackets until the desired
amount of lift is reached. The lifting load applied to the bracket should not exceed the
allowable maximum lifting load displayed on the Design Tables which will be discussed
in Chapter 8.

Figure 3.8: Photographs of the Lifting of the Slab with the ISB-07
Once the desired amount of lift is achieved, the three bolts on the lower lifting
plate shold be tightened. For additional assurance, the bracket can be welded to the pipe
pile. This step is not necessary and will only assist in distributing the load from the lifting
plate to the main body of the bracket. Once the bracket has been secured, the excess
threaded rods above the nuts on the lower lifting plate can be removed by saw cutting.
The core hole, at this point, can be filled with concrete.
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CHAPTER 4: FULL SCALE SLAB TEST – PROTOCOLS
4.1 General
This test protocol is intended to provide a framework for the full scale testing of
the cast-in-place concrete slab on grade when supported by the ISB-07 slab bracket. This
testing will illustrate the capabilities of the ISB-07 by establishing its influence area and
effective area of support when installed on an existing cast-in-place concrete slab on
grade.
4.2 Definitions


Primary Parties:
o Inventor – Bracken Engineering, Inc. (BEI)
o Installer – LRE Ground Services
o Manufacturer of ISB-07 – LFM Tools and Design
o Testing Agency – University of South Florida (USF)
o Testing Laboratory – Central Florida Testing Laboratories (CFTL)



Interested Parties: Parties other than the primary parties that have an interest in the
full scale slab testing and/or ISB-07.

4.3 Primary Parties’ Responsibilities


Inventor: The inventor will be responsible for developing the slab test protocols and
overseeing the slab testing. Specifically, BEI will be responsible for the following:
o Development and maintenance of the slab test protocols
34

o Providing the slab test specimens to be utilized for this test along with full and
ready access to the site by all of the Primary Parties
o Monitoring of the underpin pipe pile installations and the ISB-07 installation
o Set up the slab elevation surveying equipment
o Collection of elevation data throughout the slab testing


Installer: LRE will be responsible for furnishing and installing three (3) underpin pipe
piles and accompanying ISB-07 slab brackets, one (1) to each of the three (3) separate
test slab specimens. Specifically, LRE will be responsible for the following:
o Commissioning and securing, with full permission of BEI, three (3) ISB-07s
o Securing and providing all other labor, material and permissions necessary to
install three (3) pipe piles to competent bearing by means of helical
advancement
o Preparation of the three (3) test slab specimens
o Installation of three (3) pipe piles to competent bearing by means of helical
advancement, one (1) to each of the three (3) separate test slab specimens
o Excavation of the soil necessary to install the ISB-07 at each of the pipe pile
locations
o Installation of three (3) ISB-07, one (1) to each of the three (3) separate test
slab specimens
o Lifting of each of the ISB-07 under the direction of BEI



Manufacturer: LFM will be responsible for the production of three (3) ISB-07s.
Specifically, LFM will be responsible for the following:
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o Constructing three (3) ISB-07s in accordance with the plans and specifications
provided by BEI
o Not deviating from the plans and specifications provided by BEI unless
directed otherwise by BEI
o Delivering three (3) ISB-07s to the installer


Testing Agency: USF will be responsible for the installation of the strain gages and
thermocouples to the existing slab and for the monitoring of the slab during the
testing phase. Specifically, USF will be responsible for the following:
o Instrumenting each of the three (3) test slab specimens with strain gages and
thermocouples along the top surface of the slab in accordance with the testing
specifications and plans (attached here to)
o Monitoring the strain gages on each of the three (3) test specimen during the
lifting of the ISB-07 with the use of data acquisition hardware and software



Testing Laboratory: CFTL will be responsible for coring the existing slab prior to the
testing. CFTL is to analyze the existing condition of the slab specimen. Specifically,
CFTL will be responsible for the following:
o Coring three (3) individual holes at the center of each of the test specimens in
accordance with ASTM specifications and the testing specifications and plans
(attached here to)
o Verifying and reporting on the thickness of the slab as well as the composition
and make-up of reinforcing mesh within each of the three (3) slab specimens
o Testing the compressive strength of each sample obtained and providing a
written report on its findings.
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4.4 Global Sequence of Events
This protocol assumes that the existing slab test specimens have been in service
for at least ten (10) years. The current use of the slab is to support standard vehicular
traffic.


Finalization and Acceptance of the Full Scale Testing Protocol
o This document is to be circulated to all primary parties for input.
o Once all comments have been collected they are to be incorporated as deemed
appropriate by BEI.
o Once the protocol has been revised, it will be circulated to all primary parties.



Initial Non-destructive Examination and Exploration
o Comprehensive crack mapping of the slab surface: this crack mapping is to be
conducted by BEI and is to be used to select the three (3) slab specimens to be
used in the full scale testing.
o Test pit excavations: the edges of the driveway slab at several locations are to
be excavated to determine the average thickness of the slab specimens. This
in-situ testing will be performed by BEI.
o Visual non-destructive examination of the test specimens will be performed
by BEI.



Securing the Test Site
o This step is to be performed concurrently with the finalization of this protocol.
o The site is to be divided into three (3) test areas “specimens” as defined and
depicted in the testing specifications and plans (attached here to).
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o Each test area is to be sectioned off by a construction fence. This fence is to
be tied and made secure with stakes to maintain a complete division between
the three (3) test specimens.
o The owners of the property where the test is being conducted are to secure and
maintain the testing area while the site is unmanned.


Destructive Investigation by CFTL
CFTL will conduct destructive investigation on the slab specimens which will

consist of the following:
o Core three (3) individual holes at the center of each of the test specimens as
depicted in the testing specifications and plans, (attached here to). These
samples are to be removed from the test specimens to be tested.
o Cut and remove cores in accordance with ASTM standard and specifications.
o Verify and report on the thickness of the slab as well as the composition and
make-up of reinforcing mesh within each of the three (3) slab specimens.
o Test the compressive strength of each sample obtained and provide a written
report on its findings.


Pile Installation by LRE
LRE is to install three (3) pipe piles to competent bearing by means of helical

advancement, one (1) to each of the three (3) separate test slab specimens.
o Install underpin pipe piles to be installed through helical advancement until
refusal
o Refusal of the pipe pile shall be determined by the torque required to achieve
a 15 kip working load capacity
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o Excavate the soil necessary to install the ISB-07 at each of the pipe pile
installations
o Install three (3) ISB-07s, one (1) to each of the three (3) separate test slab
specimens
o Lift slab at each of the ISB-07 locations under the direction of BEI


Instrumentation by USF
USF is to instrument the top surface of the slab with strain gages and

thermocouples as depicted on Figures A.7, A.37, and A.75. Upon completion of the
instrumentation, USF is to connect the strain gages and thermocouples to the data
acquisition hardware. USF is to collect dynamic strain data subsequent to commencement
of the lifting of the bracket assembly. Continuous recording of strain is to be collected
until the termination of the test. BEI is to monitor the elevations of the slab subsequent to
the lift.
o Slab elevations are to be monitored by BEI by use of a water level
(manometer).
o Relative elevation readings are to be taken every 60 minutes for the first four
(4) hours after the lift and then every 2 hours for the next 4 hours.
o Relative elevation readings are to be taken every 2 hours for the next 8 hours
on the day following the lift. This procedure should continue for the next three
(3) days.
o Elevation readings are to be taken once every day for the next 30 days
following the lift. This procedure should continue until the test is terminated.
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4.5 Test Sequence
This portion of the protocol is anticipated to represent the bulk of the effort. Once
the test sequence portion of the protocol is completed, final reports will be prepared and
issued to summarize the testing efforts. It is important to note that three (3) individual
tests will be performed on three (3) separate test specimens however the protocols will
depict the steps required for the testing of a single specimen. The steps within this portion
of the protocol include the following:


Slab Preparation
o CFTL is to core two (2) samples from within a 10 inch diameter hole at the
center of the test specimen in accordance with ASTM specifications. CFTL is
perform an analysis on the two (2) samples as appropriate and provide a report
with the following information:


Concrete compressive strength



Slab thickness



Location of slab reinforcement



Aggregate size used in concrete



Approximate age of concrete

o LRE is to saw cut and remove the edges of the test slab sections as depicted
within the test plans and specifications.


Each test slab specimen is to measure 17’-0” by 17’-0”



The edges of the test slab are to maintain a distance of 6 inches from
any obstruction.
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o USF is to instrument slab specimens with strain gages and thermocouples as
depicted within the test plans and specifications.


A total of 64 strain gages and 4 thermocouples shall be used on each
test specimen



Strain gages and thermocouples are to be wired to the data acquisition
control station



Pipe Pile and Bracket Installation
o LRE is to auger a 10” hole down to a depth of three (3) feet below the bottom
of the slab.
o LRE is to install a nominal 3” schedule 40 steel pipe pile by helical
advancement to refusal.


Helical advancement of pipe pile shall eliminate unanticipated loading
of slab prior to data collection.



Refusal shall be determined by the torque required to achieve a 15 kip
working load capacity.



Contractor to select appropriate helical pipe pile

o Upon completion of pipe pile installation, the soil beneath the area of slab
where the bracket is to be installed shall be removed by excavation.


Excavation can be accomplished by hand and/or by water pressure.



Void created shall be sufficient for arms of ISB-07 to open
undisturbed until contact is made beneath slab surface.
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Bottom of slab surface shall be verified by contractor for uniformity.
Any undulations to the bottom surface of slab are to be removed
and/or leveled.

o ISB-07 is to be installed over existing pipe pile in its collapsed position.
Bracket and pipe pile are to be centered on the cored hole within the slab.
o Arms of the ISB-07 are to be expanded until the adjustable collar on the
bracket makes contact with the stop ring on the main shaft of the bracket.
o Nuts on the all thread rods are to be tightened to keep the bracket in its
operational position.
o The lifting mechanism is to be attached to the ISB-07. The lifting mechanism
should include the following:


Three (3) all thread rod extensions



Three (3) couplers



Two (2) triangular plates



Six (6) heavy hex nuts.

o The hydraulic lifting ram and load cell are to be placed between the two lifting
plates.
o The ISB-07 will be ready to be pressurized and lifted.


Slab Test
o Monitoring of slab stresses with strain gages to commence as soon as slab is
lifted. Continuous recording of strain to be collected until the termination of
the test.
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o Hydraulic lines for ram are to be kept off the slab as to not interfere with the
strain gages. Strain gage readings should be collected for a period of three (3)
days subsequent to the initial lift. Following the third day, strain gage readings
should be collected every third day for a period of thirty (3) days.
o Hydraulic rams are to be pressurized and the slab is to be lifted until any one
of the following criteria are met:


The edges of the slab start to achieve lift. Slab elevations along the
edge of the slab are to be visually monitored.



The center of the slab achieves ¾ inch of lift. Slab elevation at the
center of the slab to be monitored with the water level.

o Hydraulic line pressure provided to the ram is to be recorded throughout the
lift as well as the load reading from the load cell.
o Slab elevation readings are to be taken adjacent to all of the locations of the
strain gages and recorded.


Slab elevations are to be monitored by BEI by use of a water level
(manometer).



The use of a cross beam will be necessary to collect the elevation
readings towards the interior portions of the slab.



Elevation readings are to be taken every 60 minutes for the first four
(4) hours after the lift and then every 2 hours for the next 4 hours.



Elevation readings are to be taken every 2 hours for the next 8 hours
on the day following the lift. This procedure should continue for the
next three (3) days.
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Elevation readings are to be taken once every day for the next 30 days
following the lift. This procedure should continue until the test is
terminated.



Thickness of slab to be verified at the location of a select number of
strain gages following initial strain readings.

4.6 Site Access Controls
BEI in conjunction with the Property owner shall coordinate access to the test site
in a safe and controlled manner. The Primary and interested parties shall coordinate site
visits through BEI and advance notice of all site visits will be required. All primary and
interested parties shall sign-in, sign a release and sign a non-disclosure agreement prior to
entering the site. All primary and interested parties are responsible for bringing their own
personal protection equipment (PPE). This is to include steel toe boots, safety glasses
and appropriate clothing. Anyone lacking the appropriate personal protection equipment
(PPE) will be denied access to the site. All primary and interested parties shall sign-out
and attest to the fact that they have not disturbed, destructively altered or removed any
items without proper authorization prior to leaving the site.
4.7 Sign-In Protocols for Testing Site
This procedure is intended to be followed for anyone entering the Testing Site.
All individuals that enter the site are required to sign in and out on the daily log. When
anyone other than the primary parties, as defined within section two (2) of the testing
protocols, arrive on site they must provide a business card and sign a release waiver. A
visitor badge is to be issued to those individuals once they have signed in. The badge
number is to be recorded on the visitor sign in sheet.
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Once the sign in process is complete, a representative from BEI must escort the
individual(s) into the site. If a representative of BEI is not at the entry point, the BEI
representative must be reached with the 2-way radio or by cell phone to escort the
individual(s) into the site. Once a release waiver has been signed by one individual they
do not need to sign another waiver. A list of individuals that have previously signed
release waivers will be published at the end of the week. In addition we will notify you of
any individuals who are not allowed on site with an additional memo.
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CHAPTER 5: FULL SCALE SLAB TEST
5.1 Slab Specimen Selection
The full scale slab testing that was performed was a strain analysis on the top
surface of an existing cast-in-place slab on grade that had been in service for over 20
years. The slab utilized for the test was an existing driveway that measured 18 feet in
width and was approximately 260 feet in length. The existing driveway was originally
divided into approximate 17 foot sections with control joints. Each slab section was
examined for its exact measurements, the existence of any cracks and the location of the
cracks, and the slabs approximate thickness along the perimeter.

Figure 5.1: Photograph of the Slab Specimens
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In order to select the three slab specimens for the full scale slab test, the existing
slab sections had to be assessed for the extent of existing cracks within the slab. In order
to accomplish this assessment, the existing driveway was dimensioned to include the
location of all the control joints and then a crack map of the surface of the slab was
generated. All the information collected was put into AutoCAD so that a scaled
representation of the existing conditions could be assessed.
An assessment of the information collected revealed that there were three slab
sections that had minimal cracking. Actually, two of these slab sections did not have any
cracking within the surface of the slab and one slab section evidenced one (1) hairline
crack which was located along its approximate midspan. The remainder of the slab
sections evidenced multiple cracks or evidenced corners of the slab sections that had
evidenced displacement from vehicular loading.
Once the three slab sections were selected, a determination was made as to the
size of the slab specimens to be tested. Based on the data that we were seeking and the
existing configuration of the three slab sections selected, it was determined that the slab
specimens to be tested would be 17 feet by 17 feet.
5.2 Preparation of Slab Specimens
Given that the three slab specimens selected were already close to the dimensions
we were seeking, the perimeter of the existing slabs required minimal saw cutting to
make each of the three slab sections the desired configuration. The saw cutting also
served to completely isolate each slab section.
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Figure 5.2: Photograph of the Saw Cutting of the Slab
The portions of the slabs to be saw cut were marked with a chalk line. The
contractor that was assisting with the experiment, LRE, cut the slab with a concrete
cutting saw. Water was used during the cutting process so as to limit the heat
accumulation on the saw blade and minimize the amount of dust in the air. Once the slab
was cut, the dimensions of the three slabs were measured to verify that the slabs
measured 17 feet by 17 feet.
In order to determine the exact properties of the concrete which comprised the
slab for the three specimens, Central Florida Testing Laboratories (CFTL) was engaged
to collect samples of the concrete. CFTL was selected given their reputation as a
recognized materials testing facility. The manner in which the samples were collected
was to conform to ASTM C-42 and ASTM C-39 specifications. CFTL cored two (2)
holes within the center of the three slab specimens. The core holes were 3.5 inches in
diameter and were cut from the center of the slabs given that a ten (10) inch hole would
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need to be cored to provide the access for the installation of the ISB-07 bracket. The
concrete cores were taken off-site to be tested at CFTL’s laboratory. CFTL provide the
results of the concrete tests which have been provided in Table 5.1. The formal results
page for the testing results from CFTL has been included within appendix E. Once the
samples from each slab were collected, a ten (10) inch diameter hole was cored at the
center of each of the three (3) slab specimens. It should be noted that CFTL’s slab
numbering differed from the slab numbering for the individual slab tests. The corrected
slab numbering is used in the table below.
Table 5.1: Drilled Concrete Core Properties

Sample Number
Core Diameter (in)
Nominal Max. Aggregate Size
(in)
Core Length After Capping
(in)
Length/Diameter
Cross Sectional Area
Age at Time of Testing (days)
Moisture Condition at Time of
Test
Direction of load Application
Relative to Horizontal Plane of
Concrete as Placed
Total Load (kip)
Corrected Compressive
Strength (psi)
Average of 2

Core Test Data
Test Slab #3
1
2
3.7
3.6

Test Slab #2
1
2
3.7
3.7

Test Slab #1
1
2
3.6
3.7

3/8

3/8

3/8

3/8

3/8

3/8

6.1

6.1

5.7

6.1

4.7

4.7

1.65
10.8
N/A

1.69
10.2
N/A

1.54
10.8
N/A

1.65
10.8
N/A

1.31
10.2
N/A

1.27
10.8
N/A

Wet

Wet

Wet

Wet

Wet

Wet

Vert.

Vert.

Vert.

Vert.

Vert.

Vert.

36

38

41

42

35

33

3,251

3,640

3,672

3,793

3,225

2,864

3,446 psi

3,733 psi

3,045 psi

5.3 Installation of the ISB-07 Slab Bracket
Once the core through the slab was completed, the installation of the pile and
bracket system was completed. This step was performed by LRE Ground Services (LRE).
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First, the area beneath the slab was excavated to allow for the installation of the ISB-07
bracket. The excavation process commenced by auguring a ten (10) inch hole down three
(3) feet below the bottom of the slab. Then, at a distance of two feet below the bottom of
the slab, a distance of 16 inches extending away from the hole was excavated beneath the
slab by hand. Once this excavation was accomplished, the helical piles were installed at
each of the three slab specimens. A Bobcat with a torque motor attached to the boom was
brought to the site. The configuration of helical pile installed was a two helix (12”/14”)
system. The piles were installed to an average depth of 30 feet below ground surface
which achieved the required torque to support a 15 kip axial load. The top of the piles
were cut off even with the top surface of the slab which would allow for an ultimate lift
amount of six (6) inches.

Figure 5.3: Photograph of the Installation of the Helical Pile
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Upon completion of the installation of the pile system, the ISB-07 was installed.
The installation of the ISB-07 commenced by sliding the bracket over the pipe pile in its
collapsed position. Once the top of the main portion of the bracket was below the bottom
surface of the slab, the top plate could be lifted upward which engaged the threaded rods
of the ISB-07, thus extending the arms of the bracket by lifting up on the adjustable
collar. Once the arms of the bracket were fully extended, the top plate was secured to the
pipe pile by tightening the nuts on the threaded rods to the top of the lower top plate. At
this point the bracket and slab were ready to be lifted once the slab specimens received
instrumentation.

Figure 5.4: Photograph of the ISB-07
Ready to be Installed on the Pile

Figure 5.5: Photograph of the Installed
ISB-07

5.4 Instrumentation of Slab Specimen
In order to capture the strains on the top surface of the slab during the loading of
the slab with the ISB-07, the top surface of the slab had to be instrumented with strain
gages. The strain gages used for the experiment were PL-60-11 manufactured by Texas
Instruments. The gages were 60 mm long by 1 mm wide and had a resistance of 120
ohms. The strain gages utilized were equipped with lead wires. The wiring used to
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connect the strain gages to the data acquisition hardware was a three (3) wire system
manufactured by Belden which was comprised of 22 AWG bare copper conductors with
PP insulation with a foil shield tape with a drain wire. The cable had a PVC jacket with a
ripcord.
The data from the strain gages was collected with the use of the MEGADAC Data
Acquisition system manufactured by OPTIM Electronics Corporation. The Data
Acquisition equipment was provided by the University of South Florida. A laptop, also
provided by the University of South Florida, which ran the data acquisition software, was
connected to the MEGADAC. A power surge supply system (APC) was connected to the
equipment given that the testing would be run for several days unmonitored. The data
acquisition system was housed in an enclosed trailer which was mobilized to the testing

Figure 5.6: Photographs of the BoO and Data Acquisition Equipment
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site. The trailer was parked approximately 17 feet from the slab specimen and will be
referred to as the Base of Operation (BoO) from this point forward.
Given the amount of strain gages to be monitored at one time and the limits of the
data acquisition system provided by the University of South Florida, the testing of the
slab specimens would be accomplished one at a time. Therefore, the instrumentation of
the slab specimens was performed at least a week prior to the testing date for each slab.
Prior to installing the strain gages, the location of the gages had to be marked.
This was accomplished with a chalk line, measuring tape and soil stakes. To commence
the marking of the radial grid, the perimeter of the slab was measured, marked and soil
stakes were inserted so as to create radial lines from the center of the slab that would be
located at 22.5 degrees from each other. This would create 16 evenly spaced lines.

Figure 5.7: Photograph of the Radial Lines on the Slab Surface
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Once the radial lines were created, the radial circles had to be marked. Circles
were laid out from the center of the slab and were spaced at 2 feet. This spacing created
four (4) radial bands about the center of the circle. The location where the radial lines and
the radial bands intersected was marked. The intersection of these lines would indicate
the location where a strain gage would be installed. The location of the strain gages was
modified for the second and third slab specimens. These modifications included
alternating the location of the strain gages every radial line by one (1) foot. This
modification would allow for the strain gages to create a radial band about the center of
the circle with a spacing of one (1) foot as opposed to the two (2) foot accomplished for
the first slab specimen.
Prior to installing the strain gages on the slab, the location on the slab that was to
receive the strain gages required preparation. The first step of the preparation of the slab
surface was to grind down an approximate area of two (2) inches by six (6) inches with a
rotary grinder at the location of each gage installation. The purpose of grinding the

Figure 5.8: Photograph of a Prepped Location for a Strain Gage
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surface of the slab was to remove any imperfections in the slab surface and to provide a
smooth, level surface to adhere the strain gages. Once the surface of each location had
been ground down, the area was wiped down with a soft cloth to remove any dust and
then the surface was to be wiped down with acetone. Subsequent to the completion of
these steps, the slab surface was ready to receive the strain gages. Prior to commencing
with the installation of the strain gages, each location was labeled with a number between
one and 64 by permanent marker.

Figure 5.9: Photograph of Test Slab #1 with all Locations Prepped
The strain gages were secured to the slab surface with the use of a two part
structural epoxy. The epoxy was applied through a mixing nozzle to ensure the proper
mixing ratio. A moderate amount of epoxy was applied to the surface of the slab at the
location which had been previously ground down to ensure that the gage was completely
adhered to the slab surface and also completely coated with epoxy to protect the gage.
The epoxy was smoothed out with a flat edge to encompass the entire area which had
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been prepped and the strain gage was then installed on the epoxy. The gage was flattened
out carefully on the epoxy making sure that the gage was embedded within the epoxy
while remaining horizontal to the surface of the slab and correctly aligned with the radial
guide. This step was done for each strain gage on the slab surface.

Figure 5.10: Photograph of the Installation of the Strain Gages

Figure 5.11: Photograph of an Installed Strain Gage
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5.5 Data Acquisition System Set Up
Once the epoxy cured for each strain gage, the gages had to be wired to the data
acquisition system which was located at the BoO. This was accomplished by
systematically routing the wires from the BoO to each strain gage while maintaining an
account for each cable. Each cable was labeled with the number which corresponded to
the gage location. This step was crucial given that a mistake in the numbering system
would result in erroneous measurements of strain for the corresponding location.

Figure 5.12: Photograph of the Routing of the Wiring
Once the cables were routed to their destination, the ends of the cables were
stripped and the bare wire was exposed. The bare wires were connected to the strain gage
wire. The lead wire from the strain gage was a two wire system while the cable was a
three wire system. The three wire cable color scheme was red, black, and white, which
was connected to the strain gage by coupling the black and white wire with one of the
lead wires and then by connecting the red wire with the other lead wire. Given that the
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test would run for several days, the connection of the wires was coated with a Marine
Grade Silicone sealant manufactured by 3MTM. The other ends of the cables were wired
into the wiring blocks that were connected to the MEGADAC. The configuration of the
wiring block was red, white, black and ground respectively from left to right.

Figure 5.13: Photograph of the Wiring Block
The testing was divided into two phases: the dynamic loading response of the slab
and the static response of the slab. The static response of the slab would be monitored
once the bracket was stabilized. The dynamic loading portion of the test would provide
the crucial information as to the influence area of the slab supported by the ISB-07. The
data collected during the static response will prove to be beneficial as to how the slab
responds to environmental conditions which include temperature variations, weather
conditions, and moisture variations. The strain data from the dynamic loading phase of
the slab test was collected at a sampling rate of 1000 samples per second. The load
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applied to the ISB-07 was collected via a load cell located between the bracket’s lifting
plates. This data was collected at the same sampling rate as the strain.
Once all the wires for the strain gages were connected, four thermocouples were
installed on four separate quadrants and radial bands within the slab surface. The
thermocouples installed were manufactured by Omega (OM-CP-QUADTEMP) and were
monitored on a standalone data acquisition module that was supplied by Omega. The
thermocouples were utilized to monitor the temperature of the slab so that a correlation
could be made between strain differentials and the volumetric change of the slab due to
temperature variations.

Figure 5.14: Photograph of the Thermocouple System Utilized for the Test
During the testing of the slab specimens, access would need to be provided to the
entire slab without walking on the slab in order to eliminate erroneous strains. Therefore,
a multi-ply beam was designed and constructed to span across the 17 foot slab specimen
that would support a concentrated point load at the midspan of the beam of 500 pounds
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while having a deflection of less than one (1) inch. A four-ply 2x8 beam was constructed
with a 2x12 plank nailed along the top of the beam to create the walking surface. The top
plank was fastened to the beam with 1/2 inch diameter thru bolts staggered at 12 inches
on center. The beam was supported on each end with a 2x12 wood plate which would
then bear atop of a concrete masonry block. The beam would provide access across the
slab so that elevation reading on the slab could be collected without walking directly on
the slab.

Figure 5.15: Photograph of the Access Beam
5.6 Lifting Slab with ISB-07 Slab Bracket
Prior to commencing the test, the load cell had to be installed between the lifting
plates of the ISB-07 in order to capture and record the load being applied to the ISB-07
via the hydraulic ram. The hydraulic ram was also installed between the lifting plates of
the ISB-07. The hydraulic ram used for the testing was a 50 kip ram which was later
calibrated at the University of South Florida.
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The testing on the first slab specimen was ready to commence. Prior to applying
pressure to the hydraulic ram, all the strain gages were calibrated and zeroed out. The
sequence of loading was incremental and was accomplished by providing 1000 lb (1 kip)
load increments to the ISB-07 with limited time between each load application. Prior to
the test, it was determined that the load would be applied to the bracket until either the
center of the slab evidenced 3/4 inch of vertical displacement or the edges of the slab
began to displace from the soil. The elevation readings at each strain gage location and
along the perimeter of the slab would be collected with the use of the water level
(manometer) and the access beam. For the dynamic loading of the slab, the elevation at
the center of the slab was monitored with the manometer during the lifting process.

Figure 5.16: Photograph of an Elevation Reading Being Taken
The test on slab #1 commenced by applying load incrementally until the center of
the slab displaced approximately 3/8 of an inch and the edges of the perimeter of the slab
had displaced up to 3/8 inch from the soil. The strain on the top surface of the slab was
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collected throughout this loading cycle as well as the elevation of the slab prior to the lift
and subsequent to the lift. The results of this data will be discussed in the post processing
portion of this thesis.

Figure 5.17: Photographs of the Separation Created between the Slab and the Soil
during the Lifting of the Slab
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5.7 Data Collection
Once the dynamic strain response of the slab during the loading cycle was
collected, the sampling rate was reduced and the long term monitoring of the slab
commenced. This long term monitoring was carried out for a period of one month. The
data collected during this month period was the strain on the top surface of the slab, the
temperature on the top surface of the slab, and the elevation of the slab. The results from
this data collection was initially intended to determine the effects on the influence area of
support on the slab due to creep and temperature variations on the slab however after a
cursory analysis of the results from the long term monitoring, it was discovered that these
results did not affect the influence of the slab and therefore it was decided that long term
monitoring for the remainder of the slab specimens was not warranted.
5.8 Modifications for Test #2 and Test #3
Based on the results from the first test, some minor modifications were
implemented for the remainder of the two tests. The first modification that was made was
the alternating of the location of the strain gages on the radial bands, Specifically, instead
of having each strain gage on a radial band which was spaced two (2) feet from each
band, every other gage on a radial line was altered one (1) foot at each radial line. This
would allow for a more comprehensive collection of strain data throughout the surface of
the slab. The other modifications that were made were the manner in which the loading
sequence would be conducted during the loading of the slab and the monitoring
frequency subsequent to the loading of the slab. The modification made to the loading
sequence consisted of applying the load to the bracket in 2000 lb increments with a time
allotment of ten minutes between each load cycle. Other than modifying the load
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increments and time lapse for the test, the remainder of the test for the dynamic strain
response on the slab remained unchanged.

Figure 5.18: Photograph of Test Slab #2 with Modifications to the Layout of the Strain
Gages

The final modification that was made to the slab test was that the monitoring
period for the slab subsequent to removing the lifting ram and securing the bracket in
place would be one (1) week as opposed to one (1) month. The strain data would be
collected at a reduced frequency than was collected during the dynamic loading and the
elevation readings would be taken once prior to the lift, once at the end of the lift and
then a final time at the end of the one week monitoring period. The results of this data
will be discussed in the post processing portion of this thesis.
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CHAPTER 6: FULL SCALE SLAB TEST – POST PROCESSING
6.1 Elevation Surveys of Slab Specimens
As discussed in the previous sections, a portion of the full scale testing that was
performed included slab elevation readings which were collected prior, during and
subsequent the lifting of the concrete slabs. Elevation readings were also collected during
the dynamic loading cycle to monitor the displacement at the center of the slab however
this section will discuss the results of the global elevation survey of the slabs and how
these results are relevant to the overall findings.
The elevation surveys for each slab were accomplished by taking relative
elevation readings throughout the slab with the use of a calibrated manometer. The
manometer consisted of a water reservoir on a tripod stand, a graduated cylinder and a
clear hose which connected from the graduated cylinder to the reservoir. The principal of
the manometer is that the water in the graduated cylinder would reach equilibrium at the
elevation of the water in the reservoir and therefore providing relative elevation reading
between the specimen being surveyed and the bench location were the reservoir is
located. These elevation reading were taken at the location of each strain gage as well at
additional locations at the center of the slab adjacent the center core hole as well as along
the perimeter. For the location of the elevation readings refer to the graphic provided in
Appendix A. This data was then used to develop a topographic map with the aid of
specialized engineering software. The program used to develop the topographic maps was
Surfer 8. The elevation of each slab was taken prior to performing the lift of the slab, at
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the termination of the lift, and then sporadically through the following days subsequent to
the lift.
6.1.1 Slab Specimen #1
Slab Specimen #1 was the first test to be performed. The reservoir was located
approximately 17 feet away on an adjacent slab which was isolated from the slab being
tested. A wood beam bridging the slab being tested was utilized to make access to all the
locations where elevation readings were taken. The beam was utilized so as to not walk
across the slab which would disturb the strain readings. The beam had to be moved
several times during the test in order to access all the locations to be surveyed.
The topography of the slab prior to performing the lift indicated that the slab had
a consistent slope with a high spot located on the southwest corner of the slab and sloped
downward towards the northeast corner. This elevation differential measured up to 2.4
inches. It should be noted that the slab was free of cracking related to post construction
displacement of the slab and therefore this uniform gradient was found to have been
related to original construction.
The test on slab #1 commenced by applying load incrementally and continuously
with the ISB-07 slab bracket and lifting ram system and was terminated when the edges
of the slab started to visually displace from the supporting soils. The center of the slab
was monitored with the manometer and when the lift was terminated the center of the
slab had displaced by approximately 1.3 inches. Upon measuring the void created
between the bottom of the slab and the soil it was determined that the slab had displaced
up to 3/8 inch from the soil. It should be noted that the graduated cylinder of the
manometer is divided into 0.1 inch increments while the edge of the slab was measured
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with a crack gage with increments of 1/8 inch. Given the results of the survey, it appeared
that the center of the slab displaced approximately one (1) inch before the edges of the
slab began to displace from the soil.
When the post-lift topography was compared to the pre-lift topography, given the
original uniform gradient, it was difficult to visualize how the slab had displaced. The
survey data was then adjusted in order to eliminate the initial gradient within the slab.
This was accomplished by zeroing out the initial elevation readings from the pre-lift
survey as well as the post-lift survey. By performing this modification, the post-lift
topography depicted the elevation differentials which were commensurate with the
observations made during the lifting of the slab. The actual elevations and adjusted

Figure 6.1: Isometric View of Test Slab #1 Subsequent to Lift
elevation topographies have been included in the appendix. The result of the actual
elevation data, however, was plotted in an isometric view in order to visualize the
performance of the slab.
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The results of the topography indicated that a radial gradient with a radius of
approximately 6 feet from the center of the slab was influenced from the lift and a
perceptible delineation of influence beyond this point was observed.
6.1.2 Slab Specimen #2
The topography of slab #2 prior to performing the lift indicated that the slab had a
consistent slope with a high spot located on the southwest corner of the slab and sloped
downward towards the northeast corner. This elevation differential measured up to 1.7
inches. This gradient was similar to that observed within slab specimen #1. It should be
noted that the slab was free of cracking related to post construction displacement of the
slab and therefore this uniform gradient was found to have been related to original
construction.
The test on slab #2 commenced by applying load incrementally with the ISB-07
slab bracket. For this test, a load was applied and the slab was left in place for a period of
10 minutes prior to applying additional load. The load application was in 2000 lb.
increments. The lift was terminated when displacement along the edges of the slab from
the supporting soils was observed. The center of the slab was monitored with the
manometer and when the lift was terminated the center of the slab had displaced by
approximately 0.8 inches. Upon measuring the separation created between the bottom of
the slab and the soil it was determined that the slab had minimally displaced from the
soil, in the order of less than 1/8 inch. Given the results of the survey, it appeared that the
center of the slab displaced approximately 0.8 inches before the edges of the slab began
to displace from the soil. Given the abruptness with which the first slab was lifted, the
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second lift was accomplished in a more controlled manner in order to capture more of the
dynamic response of the slab.
The survey data was then adjusted as was done with test slab #1 in order to
eliminate the initial elevation gradient within the slab. This was accomplished by zeroing
out the initial elevation readings from the pre-lift survey as well as the post-lift survey.
By performing this modification, the post-lift topography depicted the elevation
differentials which were commensurate with the observations made during the lifting of
the slab. The actual elevations and adjusted elevation topographies have been included in
the appendix. The result of the actual elevation data, however, was plotted in an isometric
view in order to visualize the performance of the slab.

Figure 6.2: Isometric View of Test Slab #2 Subsequent to Lift
For this test the slab evidenced minimal lift prior to experiencing separations
along the edges of the slab from the soil. The results of the topography indicated that
although a minor radial gradient could be visualized towards the center of the slab, the
entire slab surface appeared to have evidenced a uniform upward displacement and
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therefore the post-lift topography was similar to the pre-lift topography in which the
uniform slope in the slab took precedence over the post-lift displacement.
6.1.3 Slab Specimen #3
The topography of slab #3 prior to performing the lift indicated that the slab had a
consistent slope with a high spot located along the south edge of the slab and sloped
downward towards the north edge of the slab. This elevation differential measured up to
1.2 inches. It should be noted that the slab was free of cracking related to post
construction displacement of the slab and therefore this uniform gradient was found to
have been related to original construction.
The test on slab #3 commenced by applying load incrementally with the ISB-07
slab bracket in the same manner as for test #2. The lift was terminated when displacement
along the edges of the slab from the supporting soils was observed. It should be noted
that it appeared that a suction force was acting on the slab during the initial lifting
process; deduced because of the audible suction sound released when the slab evidenced
its initial displacement. At this point, the amount of lift achieved at the center of the slab
was measured at 1.0 inch and a visual separation was observed along the edges of the
slab. The slab remained uniformly displaced from the soil for approximately one (1)
minute before an audible “cracking” noise was heard and the edges of the slab settled
back down. Upon inspection of the slab, three minor cracks propagating from the center
core hole were observed to radiate out towards the edges. These cracks were located at
the location of the bracket arms beneath the slab.
The survey data was then adjusted as was done with test slab #1 and #2 in order to
eliminate the initial elevation gradient within the slab. This was accomplished by zeroing
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out the initial elevation readings from the pre-lift survey as well as the post-lift survey.
By performing this modification, the post-lift topography depicted the elevation
differentials which were commensurate with the observations made during the lifting of
the slab. The actual elevations and adjusted elevation topographies have been included in
the appendix. The result of the actual elevation data, however, was plotted in an isometric
view in order to visualize the performance of the slab.

Figure 6.3: Isometric View of Test Slab #3 Subsequent to Lift
The results of the topography indicated that a radial gradient with a radius of
approximately 5 feet from the center of the slab was influenced from the lift and a
perceptible delineation of influence beyond this point was observed.
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6.2 Dynamic Strain Response
As discussed in the previous sections, a portion of the full scale slab testing that
was performed included the collection of the strains on the top surface of the slab
specimens to determine the strain response of the slab when subjected to loads applied by
the ISB-07 slab bracket. The strain measurements were captured by the use of strain
gages and data acquisition hardware as previously discussed in Chapter 5. These strain
measurements were then converted to stress measurements by multiplying the strain
output by the modulus of elasticity of the concrete.
The location of the strain gages installed on each slab specimen can be found
within the strain gage location graphics within the respective appendices. It should be
noted that the location of the strain gages on test slab #1 differed slightly from the
locations of the gages on slab #2 and slab #3 as was previously discussed in Chapter 5.
6.2.1 Slab Specimen #1
Given that the strain at the surface of the slab during the loading cycle was
collected at a scanning rate of 1000 readings per second, the data for the stress at specific
loading cycles was interpolated from the data. The stress data for the slab specimen was
divided into 2000 lb. loading increments. This data was then plotted on Surfer 8 in order
to develop stress topographies for each load increment.
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Figure 6.4: Stress Map (psi) of Test Slab #1 at 14,000 lb

For Slab #1, the loading increments started at zero and went to 14,000 lb. The
stresses throughout the slab remained relatively uniform until around 4000 lb, at which
point a radial pattern started to develop about the center at a radius of approximately 4
feet from the center. The stress at this location and point in time was approximately 10
psi. This radial stress pattern continued to develop as the load was increased and at
10,000 lb. the radial stress distribution had increased to 50 psi at a radial distance of
approximately 7 feet from the center of the slab. It should be noted that some minor
isolated negative (compression) readings were observed adjacent to the location between
two of the arms at a distance of approximately 2 feet away from the center. The radial
stress contours in the slab continued throughout the loading cycle and when the
maximum lifting load of 14,000 lb was reached (edges of the slab lifted from soil), the
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maximum stress in the slab was 80 psi. This stress was significantly less that than the
fracture stress (7.5(f’c^1/2) for concrete, which for this slab was approximately 414 psi.
The contours, however, at this point had become more distributed throughout the surface
of the slab as can be viewed in Figure 6.4.
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Figure 6.5: Stress Distribution of the Fourth Radial Band of Slab #1
6.2.2 Slab Specimen #2
Given that the strain at the surface of the slab during the loading cycle was
collected at a scanning rate of 1000 readings per second, the data for the stress at specific
loading cycles was interpolated from the data. Although the loading increments were
done at 2000 lb, the stress data for the slab specimen was divided into the following
loading increments; 0 lb, 5000 lb, 6000 lb, 7000 lb, 8500 lb, 12,000 lb, 14,500 lb, and
16,500 lb. This data was plotted in Surfer 8 in order to develop stress topographies for
each load increment. This data was then assessed.
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Figure 6.6: Stress Map (psi) of Test Slab #2 at 16,000 lb

For Slab #2, the loading increments started at zero and went to 24,000 lb. The
stresses throughout the slab remained relatively uniform until around 8000 lb, at which
point a uniform gradient towards the northwest corner started to develop. This stress
gradient commenced at approximately five (5) feet to the west of the center of the slab
with a stress concentration of 50 psi and increased in stress to 170 psi at the northwest
corner. This condition was found to be commensurate with what was observed during the
lifting of this slab in which the edge of the slab at this location (west edge) started to
separate from the soil before the remainder of the edges of the slab. The stress throughout
the remainder of the slab averaged around 50 psi. This pattern continued until around
18,000 lb when the stress distribution commenced to evidence a radial pattern developing
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around the center of the slab. At 20,000 lb, the stress distribution was in a radial pattern
with a distinct transition at a radius of approximately five (5) feet from the center point of
the slab with stresses ranging from 60 psi to 260 psi. The radial stress contours in the slab
continued throughout the loading cycle until the maximum lifting load of 24,000 lb was
reached (edges of the slab lifted from soil). With the exception of a localized high stress
concentration of 470 psi, the maximum stress in the slab averaged around 270 psi in a
radial pattern at a distance of 3 feet around the center of the slab and a uniform stress of
120 psi in a radial pattern approximately seven (7) feet from the center of the slab. This
stress was significantly less than that of the fracture stress (7.5(f’c^1/2) for concrete,
which for this slab was 458 psi.
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Figure 6.7: Stress Distribution of the Third Radial Band of Slab #2

76

6.2.3 Slab Specimen #3
For the test on Slab #3, the stress data for the slab specimen was divided into the
same loading increments as with slab test #2. This data was then plotted in Surfer 8 in
order to develop stress topographies for each load increment. This data was then
assessed.

Figure 6.8: Stress Map (psi) of Test Slab #3 at 14,500 lb

For Slab #3, the loading increments started at zero and went to 16,500 lb. During
the initial loading, the stresses throughout the slab developed a relatively radial stress
distribution with a higher stress concentration at the east and west edges of the slab at the
midpoints of the slab. This pattern continued throughout the entire loading cycle with a
slight shift of the stress concentration towards the northwest corner. At the termination
load of 16,500 lb (edges of the slab evidenced visual displacement from the soil), the
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stresses throughout the field of the slab ranged from 50 psi to 125 psi across a radius of
approximately 5 feet from the center of the slab where the stresses increases to 350 psi at
the northwest corner and 425 psi along the east edge of the slab at the approximate
midpoint. The stress within the majority of the surface of the slab was within the limits of
the fracture stress (7.5(f’c^1/2) of concrete, which was 440 psi for this slab, and only
approached this limit at the northwest corner and the east edge of the slab.
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Figure 6.9: Stress Distribution throughout Slab #3

6.3 Conclusions on Influence Area of Slab
Based on the data collected (the elevation differential patterns, the strain
distribution throughout the surface of the slab during the lift, and our visual assessments),
a determination was made as to the area of slab influenced by lifting the center of the slab
specimen with the use of the ISB-07 slab bracket. Based on the three individual tests
performed, it was determined that the slabs experienced stresses throughout the entire

78

surface of the slab as the center of the slabs were lifted upwards. The intent of the test
was to determine at what location the stress distribution in the slab surface would
transition from being uniformly distributed to being more concentrated. Although the
entire surface of the slab was influenced by the lifting of the slab, the area of the slab
within the area which evidenced the transition of stresses would be classified as the
affected influence area. Based on the three tests performed and a correlation between the
elevation patterns and the stress distribution, the affected influence area of the slab
ranged between a 10-12 foot diameter (5-6 foot radius) centered about the midpoint of the
slab specimen. This assessment would be further correlated to finite element analysis
which will be discussed in the following chapter.
Once the dynamic loading of the slab was completed, the slabs were left in their
current position for a time period ranging from one (1) month to one (1) week to evaluate
the performance of the slab in their static state. The temperature of the slabs was also
collected at four (4) locations throughout the field of the slab to be able to correlate the
thermal expansion and contraction of the slab to the stress distribution in the slab. This
data was not analyzed as part of this thesis however the information remains on file for a
future analysis.
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CHAPTER 7: FINITE ELEMENT ANALYSIS OF SLAB SPECIMEN
7.1 Principles of Analysis
In order to evaluate and correlate the results of the full scale testing performed on
the slab specimens, a finite element analysis of the slabs was performed. The program
used to perform the Finite Element Analysis was STAAD.PRO 2004. This analysis was
performed for each of the three specimens using the material properties for the concrete
which were gathered and tested by Central Florida Testing Laboratories. The properties
for each slab specimen can be found within Table 5.1.
The process began by creating a model that would replicate the actual conditions
of the slab specimen. Given that the slab specimens measured 17 feet by 17 feet with a
prescribed thickness, a plate analysis was performed with the thickness of the plate being
the thickness of each slab specimen. In order to mimic the 10 inch diameter circular hole
at the center of the slab, an opening in the plate surface was created by inserting a
polygonal opening in the parametric model. Once this opening was created, the
parametric model had to be meshed with the base model.

Figure 7.1: Rendered View of the Slab Model in STAAD
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Once the slab model was generated, the manner in which load would be applied to
the model had to be determined. In order to replicate the full scale slab test, the three (3)
arms of the ISB-07 slab bracket were created beneath the slab. Once the arms were
created, they were fixed in the X and Z direction and were only allowed translation in the
Y direction. The same conditions were set for the perimeter of the slab.
Once the model was created, the loading scenario had to be created. Given that
the amount of load which was applied to the bracket was known, this load was converted
to a linear load applied to each arm beneath the slab. This conversion was made for each
loading case which ranged from 2000 lb to 22,000 lb on the bracket. The slab load was
also taken into account with the analysis. Once the model was complete and the loading
scenarios set up, the analysis was run and the post-processing was printed. The results
which were reviewed were the Maximum Top (Principal Major Stress) in psi. The results
of the analysis are discussed in the following section.

Figure 7.2: Isometric View of the Slab Model with Load Applied to the Bracket Arms
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7.2 Results of Analysis
Once the results of the finite element analysis were determined, a correlation was
made to the stress topographies generated from the strain data collected from the full
scale slab tests. The correlation between the results of the full scale slab tests and the
finite element analysis was done in two parts. The first correlation was made between the
full scale slab test stress distribution and the finite element stress model for the loading
scenario in which the slab was supporting the slab load within the area of influence. This
area of influence was found from the correlation between the stress contours and the slab
elevation patterns. The second scenario evaluated was the case when the slab was
completely displaced from the supporting soils. A cursory review of the stress
distribution in the finite element analysis was that a high stress concentration ring was
located immediately above the ISB-07 bracket. This high stress concentration was not
observed in the results of the full scale slab test stress topographies. Understanding that
the top surface of the slab immediately above the bracket would experience a higher
stress concentration which would result in a punching failure if loaded beyond its limit,
the correlation between the models was not evaluated at this point given that the scope
was to develop a correlation with influence area, however this behavior was revisited in
the following chapter with respect to the design charts and loading limits.
7.2.1 Slab Model #1
For slab model #1, the load scenario evaluated first was the 6000 lb load on the
bracket. This load was derived from the equation below which determines the load
required to begin to lift the portion of the slab in which the theoretical influence area
exists.
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∗
6

∗

∗ 120

∗
5655

6000

(1)

An evaluation of the finite model and the stress topographies was made at this
load interval. In general, the patterns of stress distribution of the stress topographies
correlated with the patterns of the finite model. The amount of stress at the top surface of
the slab, not including the area immediately in the vicinity of the bracket, ranged between
10 psi and 40 psi. This range was relatively uniform until approximately 6 feet away from
the center hole. When the finite model was examined, a similar stress distribution was
observed however the stress ranged from 44 psi to 86 psi before the stress concentration
increased. This increase in stress towards the perimeter of the model was correlated to the
boundary condition placed on the edge of the model. Given that the edges were fixed
from translation in the X and Z direction and free to displace in the Y direction, once the
slab began to evidence upward translation, the edges of the slab were not allowed to
displace inward and therefore resulting in an increase in stress which was greater than
observed in the full scale stress topographies. This criterion also applied in part to the
high stress concentration adjacent the bracket location. Given that the finite model was
depicting a higher stress than the full scale slab test given the manner in which it was
modeled, this concept was taken into consideration for the remainder of the comparisons.
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Figure 7.3: Stress Topography (psi) of Slab #1 at 6000 lb Bracket Load
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Figure 7.4: Stress Distribution from Finite Model of Slab #1 at 6000 lb Bracket Load
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The second load scenario evaluated was the load at which the slab experienced
displacement of the edges of the slab from the supporting soils. For slab #1, the edges of
the slab began to evidence movement from the soil at around 14,000 lb. This load was
commensurate with the load anticipated given the mass of the slab calculated from its
dimensions. At this load, the stress distribution throughout the top surface of the slab
depicted a pattern of uniformity with a slight change in stress towards the midpoints
along the edges of the slab. The maximum stress depicted within the field of the slab was
80 psi. This stress range remained constant until approximately 6 feet from the center
where a minor change in stress was observed. When the finite model was examined, a
similar stress distribution pattern was observed within the field of the slab however the
stress ranged from 100 psi to 194 psi before the stress differential increased. As was
discussed earlier, this stress differential between the full scale slab test and the finite
model was directly related to the manner in which the boundary condition was modeled.
It can be seen that as the amount of load increased on the finite model, the stress was
proportionally increasing given that the edges of the slab are trying to displace inward
however the restriction in translation within the plane of the slab is resulting in an
increase in stress. This condition did not exist in the full scale test. Given that the finite
modeling was used to correlate affected influence area based on the effects of the bracket
support, the results achieved were sufficient.
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Figure 7.5: Stress Topography (psi) of Slab #1 at 14,000 lb Bracket Load
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Figure 7.6: Stress Distribution from Finite Model of Slab #1 at 14,000 lb Bracket Load
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7.2.2 Slab Model #2
For slab model #2, the load scenario evaluated first was the 6000 lb load on the
bracket. This load was derived from the equation below which determines the load
required to begin to lift the portion of the slab in which the theoretical influence area
exists.
∗
6

∗

∗ 120

∗
5655

6000

(2)

An evaluation of the finite model and the stress topographies was made at the
6000 lb load interval. In general, the patterns of stress distribution of the stress
topography correlated with the patterns of the finite model at this interval. The amount of
stress at the top surface of the slab in the finite model, not including the area immediately
in the vicinity of the bracket, ranged between 10 psi and 30 psi in a fairly uniform
pattern. When the finite model was examined, the stress distribution throughout the field
of the slab ranged from 27 psi to 52 psi in a similar pattern before the stress concentration
increased towards the perimeter.
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Figure 7.7: Stress Topography (psi) of Slab #2 at 6000 lb Bracket Load
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Figure 7.8: Stress Distribution from Finite Model of Slab #2 at 6000 lb Bracket Load
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The second load scenario evaluated was the load at which the slab experienced
displacement of the edges of the slab from the supporting soils. For slab #2, although the
northwest corner of the slab began to evidence movement from the soil at around 8000 lb,
the remainder of the edges commenced to displace from the soil at around 18,000 lb. This
load was commensurate with the load anticipated given the mass of the slab calculated
from its dimensions. At this load, the stress distribution throughout the top surface of the
slab depicted a more uniform radial gradient about the center of the slab with a slight
change in stress approximately 6 feet away from the center. The stress depicted within
the field of the slab ranged from 60 to 180 psi. When the finite model was examined, a
similar stress distribution pattern was observed within the field of the slab however the
stress ranged from 78 psi to 150 psi before the stress differential increased at a distance of
6 feet from the center. The stress distributions within the field of the slab in the full scale
test and in the finite model were similar and only differed at the extreme edges and at the
center. This difference was discussed earlier and was related to the manner in which the
boundary condition was modeled.
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Figure 7.9: Stress Topography (psi) of Slab #2 at 18,000 lb Bracket Load
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Figure 7.10: Stress Distribution from Finite Model of Slab #2 at 18,000 lb Bracket Load
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7.2.3 Slab Model #3
For slab model #3, the load scenario evaluated first was the 7000 lb load on the
bracket. This load was derived from the equation below which determines the load
required to begin to lift the portion of the slab in which the theoretical influence area
exists.
∗
6

∗

∗ 120

∗
6786

7000

(3)

An evaluation of the finite model and the stress topographies was made at the
6000 lb load interval given that a 7000 lb interval was not mapped for the finite model. In
general, the patterns of stress distribution of the stress topography correlated with the
patterns of the finite model. The amount of stress at the top surface of the slab in the full
scale slab test, not including the area immediately in the vicinity of the bracket, ranged
between 20 psi and 60 psi. This range was relatively uniform until approximately 6 feet
from the center hole where an increase in stress occurred towards the midpoint of the east
and west edges. When the f8790inite model was examined, the stress distribution
throughout the field of the slab ranged from 28 psi to 55 psi before the stress
concentration increased towards the edges.
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Figure 7.11: Stress Topography (psi) of Slab #3 at 6000 lb Bracket Load
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Figure 7.12: Stress Distribution from Finite Model of Slab #3 at 6000 lb Bracket Load
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The second load scenario evaluated was the load at which the slab experienced
displacement of the edges of the slab from the supporting soils. For slab #3, the edges of
the slab began to displace from the soil at around 16,500 lb. This load was commensurate
with the load anticipated given the actual mass of the slab given its dimensions. This load
interval was correlated to the 16,000 lb interval for the finite model. At this load, the
stress distribution for the full scale slab stress topography throughout the top surface of
the slab depicted a uniform radial gradient about the center of the slab with a perceptible
change in stress approximately 6 feet away from the center of the slab at the midpoint of
the east edge and towards the northwest corner. The stress depicted within the field of the
slab ranged from 50 to 125 psi. When the finite model was examined, a similar stress
distribution pattern was observed within the field of the slab however the stress ranged
from 72 psi to 140 psi before the stress differential increased at a distance of 6.5 feet from
the center. The stress distributions within the field of the slab in the full scale test and the
finite model were similar and only differed at the extreme edges and at the center. This
difference was discussed earlier and was related to the manner in which the boundary
condition was modeled.
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Figure 7.13: Stress Topography (psi) of Slab #3 at 16,500 lb Bracket Load
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Figure 7.14: Stress Distribution from Finite Model of Slab #3 at 16,000 lb Bracket Load
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CHAPTER 8: DEVELOPMENT OF DESIGN TABLES
8.1 Principles of Numerical Analysis
Given that the full scale testing results have been correlated to the finite element
analyses, the final step was to verify these results with numerical computations. In order
to accomplish this, the slab configuration and loading scenario was modeled into a free
body diagram. Given that the aim of the analysis was to determine the acceptable
influence area of a concrete slab supported by an isolated support with multiple arms,
several assumptions had to be made. The first assumption was that given the multiple
arms of the ISB-07 slab bracket beneath the slab and the relatively small hole cored in the
slab, for the purposes of this analysis, was taken as a uniform contact at a radius equal to
the length of the support arms. The second assumption made was that the slab acted as
12” inch unreinforced concrete strip beams radiating from the center support outward
towards the edges. The third assumption made was that the slab influence reflected that
of a circle as opposed to a square section as was tested during the full scale test.
For the first analysis, under the assumptions discussed above, only 1/3 of the slab
was analyzed given the uniformity of the configuration. The slab was modeled as a
circular section of slab, as depicted in Figure 8.1, supported at the center by the support
bracket and the edges of the circular slab subject to the moment created by the interaction
of the remainder of the slab which would be continuous at this location in a true
condition. In order to determine the acceptable distance (2Lr) that the slab could span
prior to fracturing, the moment created at the outer limit of the slab (midspan of the slab
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with two supports) was correlated to the Elastic Moment Limit as shown in the following
equation.
7.5

′

(4)

To be conservative, the load applied by the slab for the analysis was taken as 1/3 of the
area of the circle. Rearranging and solving the equation indicated that the distance from
the center of the support to the outer limit of the slab was 4.7 feet which resulted in an
influence diameter (2Lr) of 9.4 feet. Refer to the graphic below for clarification on the
basis of the analysis and the calculations are provided in the appendix.

Figure 8.1: Graphics Used in Analysis of Slab for Case 1

For the second case, the slab was also taken as an unreinforced slab. The analysis
was performed as a slab section acting as a continuous beam supported by evenly spaced
isolated supports. The load of the slab was taken as the depth of the slab multiplied by the
mass of concrete plus the anticipated live load on the slab. The critical moment evaluated
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for this scenario was the moment created at the midspan of the unsupported slab which
was correlated to the Elastic Moment Limit as shown in the following equation.
7.5

0.025

′

(5)

This analysis indicated that the clear span distance from the edge of the supports was 9.2
feet. Refer to the graphic below (Figure 8.2) for clarification on the basis of the analysis.

Figure 8.2: Graphics Used in Analysis of Slab for Case 2
Given that the second analysis yielded a more conservative value, this approach was used
for the remainder of the iterations. The iterations evaluated consisted of a mildly
reinforced concrete slab and a reinforced slab. The results of these calculations can be
found within Appendix B. The results of these calculations were entered into a
spreadsheet in order to develop graphs which could be relied upon for design purposes. It
should be noted that the elastic moment limit was reduced by a factor of 20% to be more
conservative for the purposes of the design tables. These design tables and how they are
utilized will be discussed in the following sections.
The final analysis that was performed was to determine the ultimate lifting load
which could be applied to the bracket support prior to the slab experiencing a localized
failure. This analysis was performed by comparing the allowable deflection of the slab
correlated to the maximum deflection taken with respect to a simple beam with a
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concentrated load at the center. The span distance was left as a variable in order to be
able to plot it against the varying spacing of the supports. The equation was rearranged in
order to be able to solve for a load (P). The portion of the equation after the addition sign
is to account for the dead load of the slab.
(6)
In order to determine the allowable spacing between isolated supports for a mildly
reinforced slab, a similar approach to the previous one was taken, however, instead of
correlating the actual moment to the Elastic Moment limit, the actual moment was
correlated to the moment capacity of the mildly reinforced slab section. For the area of
steel, the minimum area of steel for temperature was taken and was used as flexural steel
for the “beam” section. The location of the steel was taken to be at the center of the slab.
A similar analysis was performed for reinforced slabs, however if the area of steel
exceeded

, then the slab section was treated as a reinforced section as

opposed to mildly reinforced.
8.2 Preparation of Design Tables
Based on the results of the analysis, the formulas used were entered into an excel
spreadsheet with the intention of being able to plot curves relating the size of the bracket
arms, the thickness of the slab and the strength of the concrete to an acceptable support
spacing. A curve was also provided for the maximum lifting load per support based on
these variables. For the purposes of the design tables, various curves were provided to be
able to interpolate between varying superimposed loads on the slab and the allowable
support spacing. The properties of materials which were used in the analysis are provided
in Table 8.1 below.
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Table 8.1: Material Properties Used in Spreadsheet for Design Tables
Material Properties and Units
B

12

inches

f’c

Varies for each case

psi

fy

60,000

psi

7.5

fr
 (Density of Concrete)

′

psi

120

pcf

57,000 √ ′

E

psi

The spreadsheet was designed with input parameters such as the compressive
strength of the concrete and the properties of the steel reinforcement within the slab. For
example, Table 8.2 displays the output of the allowable spacing for a concrete slab
having 3000 psi compressive strength, mildly reinforced with welded wire mesh and
supported by 16 inch arm ISB-07 support brackets.
Table 8.2: Spreadsheet for Design Table for 3000 psi Concrete Supported with a 16” Arm
Bracket
Mildly Reinforced Slab
Thickness

in
h
0
3
4
5
6
7
8
9
10
11
12

Steel
area

in^2
As
0
0.0648
0.0864
0.108
0.1296
0.1512
0.1728
0.1944
0.216
0.2376
0.2592

Moment
Capacity

a
in
0
0.13
0.17
0.21
0.25
0.30
0.34
0.38
0.42
0.47
0.51

lb-ft
Mn
0
1102.75
1960.44
3063.19
4411.00
6003.86
7841.78
9924.75
12252.78
14825.86
17644.00

M(+)
Spacing

(feet)
L
0
10.2
11.5
12.6
13.5
14.4
15.1
15.8
16.5
17.1
17.6

M(-)
Spacing

(0 psf
live load)
(feet)
L
0
9.3
10.0
10.6
11.1
11.5
11.9
12.3
12.7
13.0
13.3

99

Pin
Load
(10
psf
live
load)
(feet)
L
0
8.6
9.3
10.0
10.5
11.0
11.5
11.9
12.3
12.6
12.9

(20
psf
live
load)
(feet)
L
0
8.1
8.9
9.5
10.1
10.6
11.1
11.5
11.9
12.3
12.6

(30
psf
live
load)
(feet)
L
0
7.7
8.5
9.2
9.8
10.3
10.8
11.2
11.6
12.0
12.3

(40
psf
live
load)
(feet)
L
0
7.4
8.2
8.9
9.5
10.0
10.5
10.9
11.3
11.7
12.1

(50
psf
live
load)
(feet)
L
0
7.2
8.0
8.6
9.2
9.8
10.2
10.7
11.1
11.5
11.8

(60
psf
live
load)
(feet)
L
0
7.0
7.7
8.4
9.0
9.5
10.0
10.5
10.9
11.3
11.6

Kips
P
0
3.6
6.1
9.3
13.2
17.9
23.3
29.6
36.8
44.8
53.7

This data was used to create graphs which depict the results of this table visually.
Specifically, curves have been provided which directly correspond to the thickness of the
slab and the allowable spacing between isolated supports. This graph was then generated
for a variety of properties of concrete and for another type of ISB-07 support bracket
which utilized a 24 inch support arm. An example of this graph can be seen in Figure 8.3.
These design charts were developed with the assumption that the slab is solely
supported by the brackets with no bearing on the soil. Although this case is rare once a
structure has been properly remediated and the void has been filled with a flowable fill
material, this assumption was taken into account for the extreme case where there is a soil
drop out beneath the slab and the only source of support are the isolated support brackets.

Figure 8.3: Design Table for 3000 psi (Mildly Reinforced) Concrete Supported with a 16”
Arm Bracket
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8.3 Navigating the Design Tables
Navigating through the design tables is not complicated however a brief
explanation is warranted. An example scenario will be presented and answered using the
design tables.
An Engineer is asked to provide a repair for a residential home which involves
restoring a displaced floor slab. In addition to designing the support for the foundation of
the structure, the Engineer is to provide the allowable spacing of interior ISB-07 support
brackets intended to lift and re-level the concrete slab on grade which had evidenced
differential displacement. After some limited destructive evaluation, it was determined
that the slab measured 4 inches thick. Based on laboratory testing performed according to
ASTM C-42 and ASTM C-39, the slab was found to have a compressive strength of 3500
psi and was reinforced with 6x6 welded wire mesh. Based on this information, the
appropriate design chart is selected which is depicted in Figure 8.4. The following steps
should be followed in order to navigate the design chart:


On the horizontal axis, select the slab thickness. In this case the slab is 4 inches thick,
therefore, move to this line located along the X axis.



Since the structure is a residential building, the Building Code mandates that a 40 psf
live load be applied to the slab. Given this criteria, move in a vertical line from the
tick mark for a 4 inch slab up to the curved line labeled as “40 psf superimposed
load”.



Once at that line, move to the left (Y) axis to find the allowable spacing. For this case,
the allowable spacing is 8.3 feet.
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In order to determine the maximum load that can be applied to an individual bracket
for stabilization purposes, move up to the line labeled “Maximum Lifting Load” from
the tick mark for a 4 inch slab and then move to the right axis (Y). This value reads
8000 lb which implies that the ram on the bracket should not be pressurized to the
point where the load on the bracket exceeds 8000 lb.

Figure 8.4 illustrates with arrows the logical steps to be taken to determine the allowable
spacing of the ISB-07 slab bracket.
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8.3

8.0

Figure 8.4: Design Table for 4000 psi (Mildly Reinforced) Concrete Supported with a
16” Arm Bracket
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CHAPTER 9: ULTIMATE LOAD TEST ON ISB-07
9.1 Test Protocols
In order to test and evaluate the ultimate loading capacity of the patented (US
7,780,376 B2) ISB-07 slab bracket, the University of South Florida (USF) was engaged
to perform an ultimate load test. The test apparatus was designed to load the ISB-07 in
the same manner as it would be loaded in the field. The load applied to the ISB-07 would
typically come directly from the slab that the bracket is supporting however this loading
scenario would result in a failure of the concrete slab prior to failing the ISB-07.
In order to test the ISB-07 to failure without failing the concrete, a steel
reinforced concrete pad was constructed on the floor of the USF testing facility. The
concrete pad consisted of a 4 foot square by 12 inch thick concrete pad reinforced with
(2) layers of #5 rebar spaced at 5 inches on center. The concrete used for the slab
specimen was 4000 psi commercial grade concrete with fiber mesh. A 10 inch hole was
formed in the center of the slab with a PVC pipe to allow for the installation of the ISB07. The ISB-07 was then placed in an inverted position atop of the concrete pad in order
to load the bracket with a 50 ton hydraulic ram (KC50A) located on an overhead
structural steel loading beam. A three (3) foot section of three (3) inch nominal schedule
40 pipe pile previously reinforced with 4000 psi concrete and one (1) #5 rebar was
inserted into the ISB-07 bracket’s main sleeve. This pipe section would then be loaded
from above by the hydraulic ram which would engage the ISB-07’s top plate and load the
bracket against the concrete pad.
104

Loading Beam

Hydraulic Ram (KC50A)

Pipe Pile

ISB-07 (16
inch Arms)

Structural
Concrete Pad
Figure 9.1: Photograph of the Ultimate Load Test Apparatus for the 16 Inch Arm ISB-07
A reference beam was used with linear variable displacement transducers (LVDT)
in order to capture the linear displacement of the bracket during loading. The LVDTs
were mounted to the reference beam and were placed to the underside of a circular plate
located between the pipe pile and the hydraulic ram piston. The diameter of the reference
plate was larger than the pipe pile. Two LVDTs placed 180 degrees from each other were
utilized. These LVDTs and the loading ram were wired into a data acquisition program.
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The calibration of the testing components is traceable to NIST through MTS job No.:
US1.15069.

LVDTs

Reference
Beam

Figure 9.2: Photograph of the LVDT Installation on the Reference Beam
9.2 Procedure and Results of Load Test on the ISB-07 with 16 Inch Arms
The ISB-07 with 16 inch arms was loaded with the Enerpac hydraulic ram
incrementally until the bracket reached a failure mode. This load test was performed on
March 3, 2010. The failure of the ISB-07 bracket (16 inch arms) occurred at 40,000
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pounds (20 tons) of axial compression loading. The failure mechanism resulted when one
of the threaded rods ruptured just below the hex nut on the top plate. Upon examination it
was observed that the top plate evidenced yielding and the remaining two (2) threaded
rods were deformed at the location of the top plate. The ISB-07 (16 inch arms) was able
to sustain load until the threaded rod ruptured due to the deformation of the top plate. It
should be noted that the threaded rods were comprised of ASTM A193 Grade B7 alloy
steel. Refer to Figure 9.9 for the “Testing Results” sheet provided by the University of
South Florida. The remainder of the ISB-07 bracket was thoroughly examined for
additional forms of deformation to the components in the form of deflection, buckling,
shearing, yielding, etc. The remainder of the bracket components with the exception of
those previously discussed did not appear to have sustained any damage. In summary, the
ultimate load capacity of the ISB-07 was 40.81 kips.

Deformed
Top Plate

Ruptured
Threaded
Rod
Figure 9.3: Photograph of the Failure Mechanism for the ISB-07
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9.3 Procedure and Results of Load Test on the ISB-07 with 24 Inch Arms
The same load test was performed with the ISB-07 with 24 inch arms. This load
test was performed on June 2, 2010. The difference between the two brackets is that the
16 inch arm bracket utilizes 1/2 inch diameter all thread rods, a 1/2 inch top plate, and 16
inch supporting arms while the 24 inch arm bracket utilizes 5/8 inch diameter all thread
rods, a 3/4 inch top plate, and 24 inch supporting arms. The remainder of the components
between the two brackets remained unchanged.

Hydraulic
Ram
LVDTs

Reference
Beam
Structural
Concrete
Pad

ISB-07 (24
inch arms)

Figure 9.4: Photograph of the Ultimate Load Test Apparatus for the 24 Inch Arm ISB-07
The ISB-07 with the 24 inch arms was loaded with the Enerpac hydraulic ram
incrementally until the bracket reached a failure mode. The ultimate failure of the ISB-07
bracket (24 inch arms) occurred at 88,420 lb (44.2 tons) of axial compression loading.
The failure mechanism resulted when one of the threaded rods ruptured just below the
hex nut. Upon examination it was observed that the top plate evidenced yielding and the
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remaining two (2) threaded rods were deformed at the location of the top plate. Also, the
structural “T” arms evidenced yielding adjacent to the connection pins to the inside of the
hole within the concrete testing pad. Deformation of the adjustable collar at the
connection to the diagonal support angles was also observed. The ISB-07 (24 inch arms)
was able to sustain load until the threaded rod ruptured however some yielding was
observed at around 70 kips of axial load. It should be noted that the threaded rods were
comprised of ASTM A193 Grade B7 alloy steel. Refer to Figure 9.10 for the “Testing
Results” sheet provided by the University of South Florida.

Yielding of 24
inch Support
Arm within 10
inch Hole

Figure 9.5: Photograph of the Yielding of the Support Arm within the Hole in the Slab
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Yielding of
Top Plate
Rupture of
Threaded Rod

Figure 9.6: Photograph of the Failure of the Threaded Rod and the Yielding of the Top Plate

The remainder of the ISB-07 bracket was thoroughly examined for additional
forms of deformation to the components in the form of deflection, buckling, shearing,
yielding, etc. The remainder of the bracket components with the exception of those
previously
Yieldingdiscussed
of Collar did not appear to have sustained any damage. In summary, the
at Diagonal Support
ultimate
Blockload capacity of the ISB-07 was 88.42 kips.

Figure 9.7: Photograph of the Yielding of the Collar at the Diagonal Support Block
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Figure 9.8: Photograph of USF’s Structural Testing Facility
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Figure 9.9: Image of the Results of the Load Test for the 16 Inch Arm ISB-07 Prepared
by USF
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Figure 9.10: Image of the Results of the Load Test for the 24 Inch Arm ISB-07 Prepared
by USF
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CHAPTER 10: COMPONENT STRESS ANALYSIS ON ISB-07
10.1 Test Protocols
In order to test and evaluate the individual components of the patented (US
7,780,376 B2) ISB-07 slab bracket during an ultimate loading test, the ISB-07 was
instrumented with strain gages. The purpose of the testing was to determine which
components of the ISB-07 could be reduced in size in order to reduce the overall cost of
manufacturing the ISB-07 without compromising its load carrying capabilities. The gages
were strategically placed to capture the strains of the component of that portion of the
component instrumented during the loading cycle. Load on the ISB-07 would be applied
via a hydraulic ram until the ISB-07 reached failure. The loading of the ISB-07 was
conducted by pressurizing the bracket against a structural slab designed and constructed
to withstand the forces applied to it from the bracket without failing. The load applied to
the ISB-07 would typically come directly from a mildly reinforced slab on grade that the
bracket is placed beneath to lift and support however this loading scenario would result in
a failure of the concrete slab prior to failing the ISB-07. Therefore, a load test apparatus
had to be designed to fail the bracket and not the concrete.
10.2 Load Test Apparatus
In order to test the ISB-07 to failure without failing the concrete, a steel
reinforced concrete pad was constructed on the floor of the University of South Florida’s
(USF) testing facility. The concrete pad consisted of a 4 foot square by 12 inch thick
concrete pad reinforced with (2) layers of #5 rebar spaced at 5 inches on center. The slab
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used for this test was the same slab used for the ultimate loading of the ISB-07 discussed
in Chapter 9. The concrete used for the slab specimen was 4,000 psi commercial grade
concrete with fiber mesh. A 10 inch hole was formed in the center of the slab to allow for
the installation of the ISB-07. The slab was constructed with pick hooks to be able to lift
the slab beneath the structural loading beam located with the USF structures lab (Refer to
figure 10.1). Two (2) 18” tall by 12” square solid concrete sections were used as spacers
between the structural slab and the loading beam. This was done to accommodate the
lifting plates for the ISB-07 and the hydraulic lifting ram.

Figure 10.1: Photograph of the Structural Slab Used for Load Test
10.3 Instrumentation
In order to capture the strains on the ISB-07, strain gages were placed at strategic
and predetermined locations to capture the critical stresses on the components of the
bracket during the loading cycle. The instrumenting of the ISB-07 was accomplished by
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installing strain gages on each of the components of the ISB-07. The components of the
bracket that were analyzed were the diagonal double angles, the 16” structural “T” arms,
the support blocks for the double angles, the support blocks for the structural “T” arm,
and the ½” lifting top plate. Since the bracket has three support arms in which the load
would be evenly distributed through, only one (1) of the arms was comprehensively
instrumented and then key locations at each of the other two arms were instrumented to
verify the data was consistent. Given that the bracket to be tested, which was provided
by Main Street Fabrications, had been coated with a corrosion resistant paint, the location
of the strain gages had to be properly prepared prior to applying the gages. The paint was
removed and the surface prepared with a grinder and a sand paper rotary wheel.

Figure 10.2: Photograph of the Structural “T” Arm prepared for Instrumentation
with the Strain Gages
Once the surface was cleared of all coatings and imperfections, each individual
area was sanded with 400 grit paper and acid (M-Prep Conditioner A by Micro
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Measurements). Upon preparation of each location, the area was neutralized with a base
(M-Prep Neutralizer 5A by Micro Measurements).
The components were now ready to be instrumented with the strain gages. The
gages that were utilized were CEA-06-240UZ-120 strain gages manufactured by Micro
Measurements. The gages were adhered to the steel components with the use of the MBond 200 Adhesive Kit by Micro Measurements. Once all the gages were installed, a
three (3) wire (black/white/red) cable was soldered directly to the tabs of the strain gages.
This was accomplished by removing all but one of the strands within each wire to ease
the soldering process. Once all the strain gages were installed on the ISB-07 bracket
components, the gages were coated (M-Coat A by Micro Measurements) to prevent
moisture intrusion behind the gages. Refer to Figures 10.8 - 10.11 appended to this report
for the location of all the strain gages.

Figure 10.3: Photograph of the Instrumented Structural “T” Arm with Strain Gages
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10.4 Dynamic Loading on ISB-07 Slab Bracket
The ISB-07 was installed beneath the elevated structural slab with the lifting
plates and the threaded rods placed through the ten (10) diameter hole. A three (3) inch
diameter schedule 80 pipe pile was installed through the ISB-07 main support to the
lower lifting plate. The bottom of the pipe was placed atop of a solid concrete block with
steel plate shims. All the lead wires from the instrumented ISB-07 were connected to the
electrical blocks for the MEGADAC Data Acquisition Hardware. A 50 kip hydraulic
lifting ram provided by LRE Ground Services was placed between the two lifting plates.
The lifting ram was connected with hydraulic hoses to a PowerTeam electronic hydraulic
pump. A 50 ton load cell provided by USF was placed between the top plates and the
hydraulic ram to capture the load being applied to the bracket during the test. The
hydraulic ram incrementally supplied load to the ISB-07 at a rate of approximately 1000

Figure 10.4: Photograph of the ISB-07 beneath the Load Test Apparatus
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pounds every 15 seconds until the bracket reached failure. The failure of the bracket
occurred at 44,000 pounds-force when the threads of the coupler connecting the threaded
rods sheared. It is important to note that during a previous load test, the threaded rod
ruptured at approximately 42,000 pound-force.

Shearing of
coupler
threads was
mode of
failure

Figure 10.5: Photograph of the Failure Mode of the ISB-07 with the Shearing of the
Coupler and the Yielding of the Top Plate
10.5 Post Processing
The strain at each component was captured by the MEGADAC and downloaded.
The data was then plotted against the load increments to determine which components
were subject to significant strains and which components where overdesigned. The initial
results of the analysis indicated that the components of the bracket which were subject to
elevated strains when the bracket approached its failure were the top plate and the
structural “T” arms adjacent the location of the ten (10) inch hole. The strain of these
components reached strains of up to 2500 microstrains which equates to approximately
119

15,000 psi of stress in the top plate and 10,000 psi of stress in the structural “T” arm.
Although this amount of stress is below the yield stress for 36 ksi steel, the components
did evidence perceptible deflection during the load cycle. The remaining components
analyzed were subject to minimal strains. These components will undergo a more
comprehensive analysis at a later date to determine how much these members can be
reduced in size. Appended to this thesis for reference are the load vs. strain graphs for
each strain gage along with labeled photographs indicating the location of each strain
gage location. Appended to the end of this chapter for reference is the ISB-07 component
identification graphic (Figure 10.7) which indicates the configuration of each component
of the ISB-07 slab bracket.

Figure 10.6: Photograph of the Yielded Top Plate
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10.6 Conclusion
The remainder of the ISB-07 bracket was thoroughly examined for additional
forms of deformation to the components in the form of deflection, buckling, shearing,
yielding, etc. The remainder of the bracket components, with the exception of those
previously discussed and a slight yielding of the adjustable collar, did not appear to have
sustained any perceptible distress. In summary, the ultimate load capacity that the ISB-07
supported was 44 kips. Given that the slab bracket would be subject to approximately 7
kips of load during its lifetime beneath a slab, the composition of the bracket can be
modified to reduce the amount of steel used in the manufacturing of the bracket. Once the
data has been thoroughly analyzed, modifications to the bracket will be made and tested.
The goal of the next testing phase will be to have the bracket fail at a much lower load,
preferably around 20 kips, or to have the components which evidence minimal strains
sized accordingly so that they experience higher stresses during the load cycle to make
each component as efficient as possible.
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A
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E

G
H
B
I

J
C

D
Figure 10.7: Image of ISB-07 Component Identification Layout
Table 10.1: ISB-07 Component Identification Table
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Figure 10.8: Photograph of ISB-07 Strain Gage Layout (1-26) on Support Arm

Table 10.2: ISB-07 Strain Corresponding to Individual Strain Gage (1-26)
Strain
Gage
Number

Max
Strain at
yield
(με)

1
2
3
4
5
6
7

-1
2
2
-70
-93
60
60

Strain on Individual Strain Gages
Strain
Max
Strain
Max
Gage
Strain at
Gage
Strain at
Number
yield
Number
yield
(με)
(με)
8
9
10
11
12
13
14

-270
-115
750
700
2750
500
1100

15
16
17
18
19
20
21

123

1800
100
-85
-70
-8
-8
-350

Strain
Gage
Number

Max
Strain at
yield
(με)

22
23
24
25
26

29
-280
-420
55
-200

28

27

29
30
31

32

Figure 10.9: Photograph of ISB-07 Strain Gage Layout (27-32) on Support Arm

Table 10.3: ISB-07 Strain Corresponding to Individual Strain Gage (27-32)
Strain on Individual Strain Gages
Strain Gage
Max Strain at yield (με)
Number
27
3
28
-3
29
1000
30
27
31
-150
32
-225
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34
33

35
36

38
37

Figure 10.10: Photograph of ISB-07 Strain Gage Layout (33-38) on Support Arm

Table 10.4: ISB-07 Strain Corresponding to Individual Strain Gage (33-38)
Strain on Individual Strain Gages
Strain Gage Number Max Strain at yield (με)
33
8
34
-3
35
2200
36
33
37
-490
38
-325
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40
42

41

39
Figure 10.11: Photograph of ISB-07 Strain Gage Layout (39-42) on Lifting Plate

Table 10.5: ISB-07 Strain Corresponding to Individual Strain Gage (39-42)
Strain on Individual Strain Gages
Strain Gage Number Max Strain at yield (με)
39
2000
40
1500
41
1000
42
3000
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CHAPTER 11: CASE STUDY #1
11.1 Background
In 2008, Bracken Engineering was tasked with designing a foundation restoration
plan capable of lifting and re-leveling a single story residential structure which was
located in Homosassa, Florida along the Homosassa River. The subject structure was
approximately 4,000 square feet and was built in the year 1991. The subject structure was
purchased by the current owners without any disclosure from the previous owners that
the subject structure had undergone some significant differential displacement. This
condition was discovered when the current homeowner noticed in 2008 that he had some
unusual cracking in the tile flooring and that some of the doors were not operating
normally. The homeowner contacted a foundation restoration specialist who discovered
that the interior of the house had been remodeled in a configuration to account for the
significant previous differential displacement. Specifically, a false ceiling had been added
to account for the separations between the roof system and the interior walls and a
majority of the interior door openings had been reframed to account for the previous
cracking of the openings. Once the contractor realized the severity of the existing
conditions, Bracken Engineering was contacted.
11.2 Assessment
Bracken Engineering was brought in by the homeowner’s contractor to determine
the most cost effective way to stabilize the structure and return the structure as close to its
pre-event state as structurally possible. During our inspection of the structure, a visual
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assessment was performed and a floor elevation survey was conducted to determine the
extent of the displacement of the structure. The floor survey revealed that the floor had a
radial gradient centered on the master bedroom closet. This elevation differential
measured up to 5.0 inches which is considered to be excessive and well beyond original
construction tolerances. This condition was commensurate with the conditions previously
reported and observed with respect to the previous efforts made by the prior owner to
conceal previous displacement related damage to the structure.

Figure 11.1: Image of the Floor Elevation Topography Prepared
by Bracken Engineering
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11.3 Structure Type
The subject structure was constructed atop of a deep foundation system consisting
of reinforced concrete grade beams and concrete piles along the perimeter of the
structure. This type of construction was implemented due to the poor soil conditions
which existed at the site which consisted of organic laden soils. The interior structural
slab and interior load bearing walls were supported by reinforced grade beams which sat
atop subsurface columns constructed of reinforced concrete masonry blocks on a concrete
pad footing constructed approximately eight (8) feet below the grade surface. It was later
discovered during the foundation restoration monitoring efforts that the interior
subsurface support columns were constructed atop a layer of organic material, which
defeated the purpose of constructing the structure on a deep foundation system if
competent bearing was never achieved.
11.4 Recommendations
Based on the extent of the differential displacement experienced by the structure
and the poor soil conditions at the subject site, it was proposed by Bracken Engineering
that the entire structure be supported on supplemental deep foundations consisting of
micropiles, or underpins. These underpins consisted of three (3) inch nominal schedule
40 pipe pile advanced to competent bearing. Although the exterior of the structure was
constructed on a deep foundation system, given the extent of the displacement, the
original deep foundation system was abandoned and not relied upon and a new deep
foundation system was designed.
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Table 11.1: Cost Comparison for Underpinning Methods in Case Study #1
Case Study #1 - 3888 ft2 Home
Cost Comparison for Underpinning Methods
Conventional Underpin
Interior Slab Bracket (ISB-07)
QTY Cost/Each
Subtotal QTY Cost/Each
Subtotal
Exterior
Underpin
Conventional
Interior
Underpin
3' Spreader
Beams
4' Spreader
Beams
20" Concrete
Cores
ISB-07 Slab
Bracket
10" Concrete
Cores

30

$1,125

$33,750

30

$1,125

$33,750

106

$1,125

$119,290

26

$1,125

$29,250

136

$60

$8,160

56

$60

$3,360

0

$80

0

0

$80

0

106

$60

$6,360

26

$60

$1,560

0

$1,450

0

20

$1,450

$29,000

0

$50

0

20

$50

$1,000

Total

$167,560

Total

$97,920

Our client, the homeowner, was given two options for the stabilization and
restoration of his home. These two options were both comprehensive in nature however
the first option (Option A) consisted of full perimeter underpins on a 12 foot spacing
given the original grade beam construction and conventional interior pins spaced at
approximately five (5) feet on center throughout the interior of the structure. The grade
beams throughout the interior of the structure were also supported with conventional
interior underpins. The interior grade beams were supported with a total of 26
conventional support brackets. This option (Option A) utilized 30 exterior underpins and
106 conventional interior underpins. Refer to Figure 11.3 for the conceptual layout for
Option A.
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The second Option (Option B) utilized the same number of exterior supports and
interior grade beam supports however the number of interior slab supports was reduced
from 80 to 20. This was made possible given the invention of the ISB-07 slab bracket
which was, at that time, in the state of patent pending and undergoing ultimate load
testing. Refer to Figure 11.4 for the conceptual layout for Option B. The homeowner was
provided these two options with a cost estimate of $167,560 for Option A and $97,920
for Option B. The homeowner selected option B and a permit ready plan set was
prepared.
11.5 Construction Activity
The restoration of the structure commenced in the end of August of 2008. The
contractor commenced the project by removing the wood deck which wrapped around the
perimeter of the structure and excavated all the exterior pin locations. The exterior
underpins were hydraulically advancing to competent bearing. The pins were installed to
depths averaging 30 feet with some pins reaching up to 101 feet. It should be noted that
some of the piles had to be water jetted and other piles were pre-drilled. All of the interior
pin locations were pre-drilled. Prior to coring the interior pin locations, all utilities were
marked and laid out as well as all of the grade beam locations. Once all the utilities and
grade beams were marked, the pin locations had to be slightly modified given existing
conditions which, in general, did not deviate much from the original plans. The pin
locations on the grade beams were cored with a 20 inch bit and the location of the ISB-07
brackets were cored with a 10 inch bit. The locations of the ISB-07 brackets were predrilled to competent bearing and then the dirt beneath the slab area was excavated by
hand. Once the dirt was removed, the pile casing was inserted and initial seating of the
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pile on competent bearing was achieved through vibration. Once the pile was in place, the
ISB-07 slab bracket was inserted atop of the pile in its collapsed position through the 10
inch core hole until the bracket was completely beneath the slab. The ISB-07 was then
opened and the top plates were secured against the pile. This was performed until all of
the interior brackets had been completely installed. The installation of the exterior and
interior underpins, from coring to lift date, took approximately four (4) weeks. It should
be noted that this was the first application of the ISB-07 so some onsite training took
place.
11.6 Lifting of the Structure
Once all of the exterior pins and interior pins had been installed, the structure was
ready to be lifted. All underpins had been installed prior to the day of the lift. The
decision was made by Bracken Engineering and the contractor to utilize the exterior pins
on the front wall to attempt to lift the front wall in addition to the interior slab to achieve
a more desirable amount of lift and recover more of the original elevation differential.
The contractor detached the connection between the original concrete piles and
foundation along the front wall. In order to record the lift amounts throughout the
structure, gas levels were utilized to monitor the amount of lift achieved throughout the
structure. Two gas levels, with their bench mark locations situated on two separate ends
of the home, were used simultaneously to verify lift amounts. Given that the structure had
been remodeled in its post displacement condition, a rotating laser transit with sensors
was installed in the roof attic to monitor any movement to the roof system during the
restorative lift. This was accomplished by placing the rotating base on the right gable end
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of the structure and securing three sensors on three different pre-engineered trusses
through the attic in the area of influence.

Figure 11.2: Photograph of the False Ceiling Previously Constructed

The lift commenced by hydraulically lifting the front wall of the structure and
chasing the interior slab with the ISB-07 slab brackets. The structure was lifted in several
phases. The lowest area of the structure, the front wall and master bedroom closet area,
was lifted first. The adjacent portions of the structure were lifted subsequently with lift
increments not exceeding 1/2 inch at a time in order to minimize the collateral damage to
the structure. The structure was lifted a total of 2.0 inches before some collateral damages
started to occur. Given that the length of time that the structure had been in a displaced
state was unknown and also given the extent of cosmetic repairs made by the previous
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owners to conceal all displacement related damage, the decision to cease additional
lifting efforts was made by Bracken Engineering and agreed upon by the contractor and
the homeowner. Once all of the underpins were lifted and stabilized, the void created
beneath the slab during the lift was filled with a cementitious flowable fill material and
the core holes were doweled and filled in with concrete.
11.7 Conclusion
The restoration of the foundation of the structure was made financially feasible
given the introduction of the ISB-07 slab brackets. As can be seen on the two options for
the foundation stabilization of the structure and the cost comparison tables depicted
above, the use of the ISB-07 slab bracket reduced the cost of the project by
approximately $70,000. This cost did not incorporate the cost of cosmetic repairs which
was drastically reduced by minimizing the deconstruction to the interior of the structure
which included salvaging the kitchen and bathroom fixtures. This alone would have had a
cost savings of approximately $45,000 for the kitchen and up to $10,000 for each
bathroom. This reduction in cost to restore the foundation of the structure allowed for the
homeowner to afford the restoration cost where as it would have not been cost effective
with previous slab support methods to accomplish such comprehensive restoration.
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Figure 11.3: Image of Option A for Foundation Restoration in
Case Study #1
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Figure 11.4: Image of Option B for Foundation Restoration in
Case Study #1
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Figure 11.5: Photograph of Front Façade of Structure in Case Study #1

Figure 11.6: Photograph of Right Façade of Structure in Case Study #1

Figure 11.7: Photograph of Rear Façade of Structure in Case Study #1
137

Figure 11.8: Photograph of Main Rear Deck of Structure

Figure 11.9: Photograph of Right Side Rear Deck of Structure

Figure 11.10: Photograph of Garage Area
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Figure 11.11: Photograph of Family Room Area in Case Study #1

Figure 11.12: Photograph of Kitchen Counter

Figure 11.13: Photograph of Rear Living Room Area
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Figure 11.14: Photograph of Master Bedroom

Figure 11.15: Photograph of Kitchen

Figure 11.16: Photograph of Hallway
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Figure 11.17: Photograph of Removed Slab Core

Figure 11.18: Photograph of Measurement of Core

Figure 11.19: Photograph of Slab Thickness
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Figure 11.20: Photograph of Removed Planks from Rear Deck

Figure 11.21: Photograph of Crack within Stemwall

Figure 11.22: Photograph of Stemwall beneath Deck
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Figure 11.23: Photograph of Close-Up View of Crack within Stemwall

Figure 11.24: Photograph of Removed Cores within Family Room

Figure 11.25: Photograph of Removed Core
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Figure 11.26: Photograph of Coring Machine

Figure 11.27: Photograph of Removed Core within Dining Room

Figure 11.28: Photograph of Covered Cores within Rear Living Area
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Figure 11.29: Photograph of ISB-07 Slab Bracket Prior to Installation

Figure 11.30: Photograph of Close-Up of ISB-07 Prior to Installation

Figure 11.31: Photograph of Pre-Drilling Equipment
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Figure 11.32: Photograph of Pre-Drilling at Pile Location

Figure 11.33: Photograph of Pile Installation

Figure 11.34: Photograph of Retracted ISB-07 in Slab Hole
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Figure 11.35: Photograph of Close-Up Retracted ISB-07 in Slab Hole

Figure 11.36: Photograph of ISB-07 Ready for Installation on Pile

Figure 11.37: Photograph of Pipe Pile to Receive ISB-07
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Figure 11.38: Photograph of Hand Excavation beneath Slab

Figure 11.39: Photograph of Lifting Ram Installed on ISB-07

Figure 11.40: Photograph of Close-Up of Lifting Ram Installed on ISB-07
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Figure 11.41: Photograph of ISB-07s Installed within Rear Portion of Structure

Figure 11.42: Photograph of ISB-07s Installed within Rear Family Room

Figure 11.43: Photograph of Close-Up of Installed ISB-07
149

Figure 11.44: Photograph of Installed ISB-07 adjacent to Master Bedroom

Figure 11.45: Photograph of Close-Up of Installed ISB-07 without Top Plate

Figure 11.46: Photograph of Installed ISB-07 with Top Plate
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Figure 11.47: Photograph of Installed ISB-07 with Threaded Rod Extensions

Figure 11.48: Photograph of Hydraulic Lines Connected to Lifting Rams

Figure 11.49: Photograph of Close-Up of Hydraulic Lines Connected to Ram
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Figure 11.50: Photograph of Lifted ISB-07 within Front Right Bedroom

Figure 11.51: Photograph of Close-Up of Lifted ISB-07 within Front Right Bedroom

Figure 11.52: Photograph of Lifting Ram Removed from ISB-07 Subsequent to Lift
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Figure 11.53: Photograph of Close-Up of Lifting Ram Removed from ISB-07
Subsequent to Lift

Figure 11.54: Photograph of Lifting Ram Removed from ISB-07 Subsequent to Lift

Figure 11.55: Photograph of Lifted ISB-07s within Master Bathroom
153

CHAPTER 12: CASE STUDY #2
12.1 Background
In 2009, Bracken Engineering was tasked with designing a foundation restoration
plan capable of lifting and re-leveling a single story residential structure located in
Brooksville, Florida. The subject structure was approximately 3,200 square feet and was
built in 2007. The builder informed Bracken Engineering that they had hired a
geotechnical engineer to perform a subsurface exploration to determine the mechanism
responsible for the continual cracking throughout the subject structure. The geotechnical
engineer reported to the builder that the subject structure was built atop of highly
expansive clays and that the cracking was consistent with differential displacement of the
structure. The geotechnical engineer also advised the builder that the only remediation for
the structure was to isolate the entire structure from the problematic soil conditions.
Bracken Engineering was tasked with providing a cost effective comprehensive
foundation restoration plan given that the structure was still under warranty from the
builder.
12.2 Assessment
Bracken Engineering was brought in by the original builder to determine the most
cost effective way to stabilize the structure and isolate the structure from the expansive
clay soils. During our inspection of the structure, a visual assessment was performed. A
floor elevation survey was provided by the geotechnical engineer. The floor survey
revealed that the floor had an elevation differential of 1.2 inches, which was
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commensurate with the cracking observed throughout the interior walls of the structure
and within the field of the tile flooring. The original construction plans for the structure
were provided by the builder.

Figure 12.1: Image of the Floor Elevation Topography Prepared by Central Florida
Testing Laboratory
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12.3 Structure Type
The subject structure was a single story concrete masonry block structure
constructed atop of a shallow foundation consisting of a standard concrete masonry
stemwall centered over a continuous concrete strip footing. The floor slab of the
structure, according to the original construction plans, was a typical mildly reinforced
slab on grade. However, after the initial cores were cut, it was discovered that the slab
was constructed with fiber mesh as opposed to welded wire fabric.
12.4 Recommendations
Based on the extent of the differential displacement experienced by the structure
and the poor soil conditions at the subject site, it was proposed by Bracken Engineering
that the entire structure be supported on deep foundations consisting of micropiles, or
underpins. These underpins consisted of three (3) inch nominal schedule 40 pipe piles
advanced to competent bearing.
Our client, the builder, was given two options for the stabilization and restoration
of the home. These two options were comprehensive in nature given that the structure
warranted complete isolation from the expansive soils. The first option (Option A)
consisted of full perimeter underpins on an average of 6 foot spacing around the
perimeter and conventional interior pins spaced at approximately five (5) feet on center.
This option (Option A) utilized 47 exterior underpins, 7 underpins on interior load
bearing walls and 90 conventional interior slab underpins. Refer to Figure 12.3 for the
conceptual pin layout for Option A.
The second option (Option B) utilized the same number of exterior supports and
interior bearing wall supports however the number of interior slab supports was reduced
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from 90 to 30. This was made possible given the invention of the ISB-07 slab bracket
which was, at that time, in the state of patent pending. The builder was provided these
two options with a cost estimate of $175,640 for option A and $109,430 for option B.
Refer to Figure 12.4 for the conceptual pin layout for Option B. The builder selected
Option B so the permit ready plan set was prepared.

Table 12.1: Cost Comparison for Underpinning Methods in Case Study #2
Case Study #2 – 3,200 ft2 Home
Cost Comparison for Underpinning Methods
Conventional Underpin
Interior Slab Bracket (ISB-07)
QTY Cost/Each Subtotal QTY Cost/Each
Subtotal
Exterior
Underpin
Conventional
Interior Underpin
3' Spreader
Beams
4' Spreader
Beams
20" Concrete
Cores
ISB-07 Slab
Bracket
10" Concrete
Cores

47

$1,125

$52,875

47

$1,125

$52,875

97

$1,125

$109,125

7

$1,125

$7,785

129

$60

$7,740

39

$60

$2,340

1

$80

$80

1

$80

$80

97

$60

$5,820

21

$60

$1,260

0

$1,450

0

30

$1,450

$43,500

0

$50

0

30

$50

$1,500

Total

$175,640
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Total

$109,430

12.5 Construction Activity
The restoration of the structure commenced in the end of January of 2010. The
contractor commenced the project by excavating all of the exterior pin locations. The
exterior underpins were hydraulically advancing to competent bearing. A majority of the
pins had to be pre-drilled given the expansive clay soils. The pins were installed to depths
ranging from 15 feet to 57 feet, averaging around 30 feet. All of the interior pin locations
were pre-drilled. Prior to coring the interior pin locations, all utilities were marked and
laid out. Once all the utilities were marked, a test core was made to determine the
configuration of the slab. It was determined that the slab was approximately 4 inches
thick and was reinforced with fiber mesh as opposed to welded wire mesh as depicted in
the original plans. The pin locations had to be modified from the original plan given that
the spacing of the interior supports was based on a slab reinforced with welded wire
mesh. Given the existing conditions of the slab and the location of the cracking within the
slab, the spacing was slightly reduced and the pins were strategically placed around
existing cracks. The pin locations for the ISB-07 brackets were cored with a 10 inch bit.
The locations of the ISB-07 brackets were pre-drilled to competent bearing and then the
dirt beneath the slab area was excavated by hand. Once the dirt was removed, the pile
casing was inserted and initial seating of the pile on competent bearing was achieved
through vibration. Once the pile was in place, the ISB-07 slab bracket was inserted atop
of the pile in its collapsed position through the core hole until the bracket was completely
beneath the slab. The ISB-07 was then opened and the top plates were secured against the
pile. This was performed until all of the interior brackets had been completely installed.
The installation of the exterior and interior underpins took approximately four (4) weeks.
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12.6 Lifting of the Structure
Once all of the exterior pins and interior pins had been installed, the structure was
ready to be lifted. All underpins had been installed prior to the day of the lift. In order to
record the lift amounts throughout the structure, a gas level was utilized to monitor the
amount of lift achieved throughout the interior of the structure and an optical transit was
used on the exterior of the structure.

Figure 12.2A: Photograph of Diagonal
Cracks within Wall of Master Bathroom

Figure 12.2B: Photograph of Sealed
Diagonal Crack Subsequent to Lift

The lift commenced by hydraulically lifting the left and right exterior walls of the
structure which evidenced the most amount of differential displacement. The interior slab
was lifted with the ISB-07 slab brackets in several phases with lift increments slightly
exceeding 1/2 inch. Existing cracks were sealed and the slab was returned to a perceptible
degree of levelness. Once all the underpins had been lifted and stabilized, the void
created beneath the slab during the lift was filled with a compressible fill material and the
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core holes were doweled and filled in with concrete. All the existing cracks were routed
out and filled with structural epoxy.
12.7 Conclusion
The restoration of the foundation of the structure was made financially feasible
given the introduction of the ISB-07 slab brackets. As can be seen on the two options for
the foundation stabilization of the structure and the cost comparison tables depicted
above, the use of the ISB-07 slab bracket reduced the cost of restoring the foundation by
approximately $66,000. This cost did not incorporate the cost of cosmetic repairs which
was drastically reduced by minimizing the deconstruction to the interior of the structure
which included salvaging the kitchen and bathroom fixtures. This alone would have had a
cost savings of approximately $45,000 for the kitchen and up to $10,000 for each
bathroom. This reduction in cost to restore the foundation of the structure and avoid
costly fixtures made it more cost effective for the builder to restore the structure as
opposed to demolishing the structure.
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Figure 12.3: Image of Option A for Foundation Restoration in Case Study #2
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Figure 12.4: Image of Option B for Foundation Restoration in Case Study #2
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Figure 12.5: Photograph of Front Façade of Structure in Case Study #2

Figure 12.6: Photograph of Right Façade of Structure in Case Study #2

Figure 12.7: Photograph of Rear Façade of Structure in Case Study #2
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Figure 12.8: Photograph of Left Facade of Structure

Figure 12.9: Photograph of Family Room Area in Case Study #2

Figure 12.10: Photograph of Family Room Slab
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Figure 12.11: Photograph of Crack in Family Room Slab

Figure 12.12: Photograph of Crack within Floor Tile

Figure 12.13: Photograph of Close-up View of Crack in Floor Tile
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Figure 12.14: Photograph of Cored Slab within Living Room

Figure 12.15: Photograph of Cored Slab within Dining Room
Slab

Figure 12.16: Photograph of Cored Slab within Bedroom
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Figure 12.17: Photograph of Removed Slab Core within Dining Room

Figure 12.18: Photograph of Pipe Pile Installed within Bedroom

Figure 12.19: Photograph of Pre-Drilling for Pipe Pile
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Figure 12.20: Photograph of Seating Plate for Pipe Pile

Figure 12.21: Photograph of Installed ISB-07 with Lifting Ram Attached

Figure 12.22: Photograph of Excavation beneath Slab
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Figure 12.23: Photograph of Sections of Removed Floor Tile

Figure 12.24: Photograph of Pre-Drilling for Pipe Pile in Kitchen

Figure 12.25: Photograph of Pin Location within Hallway
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Figure 12.26: Photograph of ISB-07s to be Used for Project

Figure 12.27: Photograph of Installed ISB-07 within Dining Room

Figure 12.28: Photograph of Installed ISB-07 within Bedroom
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Figure 12.29: Photograph of Installed ISB-07 within Dinette

Figure 12.30: Photograph of Installed ISB-07 within Master Bathroom

Figure 12.31: Photograph of Close-up of Installed ISB-07 within Master Bathroom
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Figure 12.32: Photograph of Installed ISB-07s within Master Bedroom

Figure 12.33: Photograph of Installed ISB-07s within Hallway

Figure 12.34: Photograph of Lifted and Stabilized ISB-07s within Dining Room
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Appendix A Full Scale Slab Testing

Figure A.1: Test Slab 1 Topography Plan View – Pre-Lift (Actual)
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Appendix A (Continued)

Figure A.2: Test Slab 1 Topography Plan View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.3: Test Slab 1 Topography Plan View – Post-Lift (Adjusted)
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Appendix A (Continued)

Figure A.4: Test Slab 1 Topography Elevation View – Post-Lift
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Appendix A (Continued)

Figure A.5: Test Slab 1 Topography Isometric View – Pre-Lift (Actual)

180

Appendix A (Continued)

Figure A.6: Test Slab 1 Topography Isometric View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.7: Test Slab 1 Instrumentation Layout
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Appendix A (Continued)

Figure A.8: Test Slab 1 Stress Topography – 0 lb Load
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Appendix A (Continued)

Figure A.9: Test Slab 1 Stress Topography – 2000 lb Load
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Appendix A (Continued)

Figure A.10: Test Slab 1 Stress Topography – 4000 lb Load
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Appendix A (Continued)

Figure A.11: Test Slab 1 Stress Topography – 6000 lb Load
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Appendix A (Continued)

Figure A.12: Test Slab 1 Stress Topography – 8000 lb Load
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Appendix A (Continued)

Figure A.13: Test Slab 1 Stress Topography – 10,000 lb Load
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Appendix A (Continued)

Figure A.14: Test Slab 1 Stress Topography – 12,000 lb Load
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Appendix A (Continued)

Figure A.15: Test Slab 1 Stress Topography – 14,000 lb Load
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Appendix A (Continued)

Figure A.16: Slab 1 Stress vs. Load (First Radial Band)

Figure A.17: Slab 1 Stress vs. Load (Second Radial Band)
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Appendix A (Continued)

Figure A.18: Slab 1 Stress vs. Load (Third Radial Band)

Figure A.19: Slab 1 Stress vs. Load (Fourth Radial Band)
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 2000 lb

Load 1

Figure A.20: Slab 1 STAAD Stress Contour Model with Bracket Load of 2000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 4000 lb

Load 2

Figure A.21: Slab 1 STAAD Stress Contour Model with Bracket Load of 4000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 6000 lb

Load 3

Figure A.22: Slab 1 STAAD Stress Contour Model with Bracket Load of 6000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 8000 lb

Load 4

Figure A.23: Slab 1 STAAD Stress Contour Model with Bracket Load of 8000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 10,000 lb

Load 5

Figure A.24: Slab 1 STAAD Stress Contour Model with Bracket Load of 10,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 12,000 lb

Load 6

Figure A.25: Slab 1 STAAD Stress Contour Model with Bracket Load of 12,000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 14000 lb

Load 7

Figure A.26: Slab 1 STAAD Stress Contour Model with Bracket Load of 14,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 16000 lb

Load 8

Figure A.27: Slab 1 STAAD Stress Contour Model with Bracket Load of 16,000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 18,000 lb

Load 9

Figure A.28: Slab 1 STAAD Stress Contour Model with Bracket Load of 18,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi
Slab Thickness = 4.7 in.
Bracket Load = 20,000 lb

Load 10

Figure A.29: Slab 1 STAAD Stress Contour Model with Bracket Load of 20,000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,045 psi

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Slab Thickness = 4.7 in.
Bracket Load = 22,000 lb

Load 11

Figure A.30: Slab 1 STAAD Stress Contour Model with Bracket Load of 22,000 lb
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Appendix A (Continued)

Figure A.31: Test Slab 2 Topography Plan View – Pre-Lift (Actual)
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Appendix A (Continued)

Figure A.32: Test Slab 2 Topography Plan View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.33: Test Slab 2 Topography Plan View – Post-Lift (Adjusted)
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Appendix A (Continued)

Figure A.34: Test Slab 2 Topography Elevation View – Post-Lift
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Appendix A (Continued)

Figure A.35: Test Slab 2 Topography Isometric View – Pre-Lift (Actual)
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Appendix A (Continued)

Figure A.36: Test Slab 2 Topography Isometric View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.37: Test Slab 2 Instrumentation Layout
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Appendix A (Continued)

Figure A.38: Test Slab 2 Stress Topography – 0 lb Load
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Appendix A (Continued)

Figure A.39: Test Slab 2 Stress Topography – 2000 lb Load
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Appendix A (Continued)

Figure A.40: Test Slab 2 Stress Topography – 6000 lb Load
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Appendix A (Continued)

Figure A.41: Test Slab 2 Stress Topography – 8000 lb Load
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Appendix A (Continued)

Figure A.42: Test Slab 2 Stress Topography – 10,000 lb Load
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Appendix A (Continued)

Figure A.43: Test Slab 2 Stress Topography – 12,000 lb Load
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Appendix A (Continued)

Figure A.44: Test Slab 2 Stress Topography – 14,000 lb Load
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Appendix A (Continued)

Figure A.45: Test Slab 2 Stress Topography – 16,000 lb Load

213

Appendix A (Continued)

Figure A.46: Test Slab 2 Stress Topography – 18,000 lb Load
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Appendix A (Continued)

Figure A.47: Test Slab 2 Stress Topography – 20,000 lb Load
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Appendix A (Continued)

Figure A.48: Test Slab 2 Stress Topography – 22,000 lb Load
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Appendix A (Continued)

Figure A.49: Test Slab 2 Stress Topography – 24,000 lb Load
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Appendix A (Continued)

Figure A.50: Slab 2 Stress vs. Load (First Radial Band)

Figure A.51: Slab 2 Stress vs. Load (Radial Band 1A)
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Appendix A (Continued)

Figure A.52: Slab 2 Stress vs. Load (Second Radial Band)

Figure A.53: Slab 2 Stress vs. Load (Radial Band 2A)
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Appendix A (Continued)

Figure A.54: Slab 2 Stress vs. Load (Third Radial Band)

Figure A.55: Slab 2 Stress vs. Load (Radial Band 3A)
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Appendix A (Continued)

Figure A.56: Slab 2 Stress vs. Load (Fourth Radial Band)

Figure A.57: Slab 2 Stress vs. Load (Radial Band 4A)
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 5.9 in.
Bracket Load = 2000 lb

Load 1

Figure A.58: Slab 2 STAAD Stress Contour Model with Bracket Load of 2000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 4000 lb

Load 2

Figure A.59: Slab 2 STAAD Stress Contour Model with Bracket Load of 4000 lb

222

Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 6000 lb

Load 3

Figure A.60: Slab 2 STAAD Stress Contour Model with Bracket Load of 6000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 8000 lb

Load 4

Figure A.61: Slab 2 STAAD Stress Contour Model with Bracket Load of 8000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 10,000 lb

Load 5

Figure A.62: Slab 2 STAAD Stress Contour Model with Bracket Load of 10,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 12,000 lb

Load 6

Figure A.63: Slab 2 STAAD Stress Contour Model with Bracket Load of 12,000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 14,000 lb

Load 7

Figure A.64: Slab 2 STAAD Stress Contour Model with Bracket Load of 14,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 16,000 lb

Load 8

Figure A.65: Slab 2 STAAD Stress Contour Model with Bracket Load of 16,000 lb
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Slab Thickness = 4.7 in.
Bracket Load = 18,000 lb

Load 9

Figure A.66: Slab 2 STAAD Stress Contour Model with Bracket Load of 18,000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi
Slab Thickness = 4.7 in.
Bracket Load = 20,000 lb

Load 10

Figure A.67: Slab 2 STAAD Stress Contour Model with Bracket Load of 20,000 lb
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W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,733 psi

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Slab Thickness = 4.7 in.
Bracket Load = 22,000 lb

Load 11

Figure A.68: Slab 2 STAAD Stress Contour Model with Bracket Load of 22,000 lb
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Appendix A (Continued)

Figure A.69: Test Slab 3 Topography Plan View – Pre-Lift (Actual)
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Appendix A (Continued)

Figure A.70: Test Slab 3 Topography Plan View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.71: Test Slab 3 Topography Plan View – Post-Lift (Adjusted)
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Appendix A (Continued)

Figure A.72: Test Slab 3 Topography Elevation View – Post-Lift
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Appendix A (Continued)

Figure A.73: Test Slab 3 Topography Isometric View – Pre-Lift (Actual)
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Appendix A (Continued)

Figure A.74: Test Slab 3 Topography Isometric View – Post-Lift (Actual)
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Appendix A (Continued)

Figure A.75: Test Slab 3 Instrumentation Layout
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Appendix A (Continued)

Figure A.76: Test Slab 3 Stress Topography – 0 lb Load
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Appendix A (Continued)

Figure A.77: Test Slab 3 Stress Topography – 5000 lb Load
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Appendix A (Continued)

Figure A.78: Test Slab 3 Stress Topography – 6000 lb Load
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Appendix A (Continued)

Figure A.79: Test Slab 3 Stress Topography – 7000 lb Load
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Appendix A (Continued)

Figure A.80: Test Slab 3 Stress Topography – 8500 lb Load
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Appendix A (Continued)

Figure A.81: Test Slab 3 Stress Topography – 12,000 lb Load
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Appendix A (Continued)

Figure A.82: Test Slab 3 Stress Topography – 14,500 lb Load
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Appendix A (Continued)

Figure A.83: Test Slab 3 Stress Topography – 16,500 lb Load
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Appendix A (Continued)

Figure A.84: Slab 3 Stress vs. Load (First Radial Band)

Figure A.85: Slab 3 Stress vs. Load (Radial Band 1A)
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Appendix A (Continued)

Figure A.86: Slab 3 Stress vs. Load (Second Radial Band)

Figure A.87: Slab 3 Stress vs. Load (Radial Band 2A)
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Appendix A (Continued)

Figure A.88: Slab 3 Stress vs. Load (Third Radial Band)

Figure A.89: Slab 3 Stress vs. Load (Radial Band 3A)
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Appendix A (Continued)

Figure A.90: Slab 3 Stress vs. Load (Fourth Radial Band)

Figure A.91: Slab 3 Stress vs. Load (Radial Band 4A)
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Appendix A (Continued)

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 2000 lb

Load 1

Figure A.92: Slab 3 STAAD Stress Contour Model with Bracket Load of 2000 lb

W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65
W12X65

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 4000 lb

Load 2

Figure A.93: Slab 3 STAAD Stress Contour Model with Bracket Load of 4000 lb
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Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 6000 lb

Load 3

Figure A.94: Slab 3 STAAD Stress Contour Model with Bracket Load of 6000 lb

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 8000 lb

Load 4

Figure A.95: Slab 3 STAAD Stress Contour Model with Bracket Load of 8000 lb
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Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 10,000 lb

Load 5

Figure A.96: Slab 3 STAAD Stress Contour Model with Bracket Load of 10,000 lb

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 12,000 lb

Load 6

Figure A.97: Slab 3 STAAD Stress Contour Model with Bracket Load of 12,000 lb

249

Appendix A (Continued)

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 14,000 lb

Load 7

Figure A.98: Slab 3 STAAD Stress Contour Model with Bracket Load of 14,000 lb

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 16,000 lb

Load 8

Figure A.99: Slab 3 STAAD Stress Contour Model with Bracket Load of 16,000 lb
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Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 18,000 lb

Load 9

Figure A.100: Slab 3 STAAD Stress Contour Model with Bracket Load of 18,000 lb

Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 20,000 lb

Load 10

Figure A.101: Slab 3 STAAD Stress Contour Model with Bracket Load of 20,000 lb
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Compressive Strength =
3,446 psi
Slab Thickness = 6.1 in.
Bracket Load = 22,000 lb

Load 11

Figure A.102: Slab 3 STAAD Stress Contour Model with Bracket Load of 22,000 lb
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Appendix B: Calculations
Determine Radius of Influence for Slab ( Lr) Supported by ISB-07 Bracket –
Method 1 (unreinforced)
Properties:
b  12in

f'c  3500psi

f'c
f'r  7.5
 psi
psi

lbf
f'r  443.706
2
in

h  6in

LB  16in

LL  0.2777psi

3

f'c  3.5  10 psi

SM 

b h

  0.0694pci


2

( 40psf )

3

SM  72in

6

Figure B.1: Calculation of Radius of Influence for Slab
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Appendix B (Continued)
1.) Determine Moment Capacity of Unreinforced Concrete Slab (wire mesh neglected) based on
Elastic Moment Limit
M cr.  f'r  SM

3

M cr.  2.662  10 ft·lbf
4

M cr.  3.195  10 in·lbf

2.) Determine Tributary Area for Load for Individual Arm of Bracket Based on Circular Influence
Area:
w 

 1    L 2   1   L 2  [ 1.2(  h )  1.6LL]
  r   3 B 
 3 
 


  L 2
2
 1    L 2   1   L 2  [ 1.2(  h )  1.6LL] simplifyL  simplify ( 0.44432 psi  0.49968 in pci )   r  256   in  L
  r  


 r
B
r
3
 3 
 3

 3


w   1.047 Lr  268.083in
   ( 0.988 psi )


2

2

3.) Correlate Moment of Free End of Slab (Extent of Slab Influence) to Moment Capacity of Slab
to Determine Radius (Lr):

M 1 

w Lr 2
6

M cr  M 1





 1.047 L  268.083   ( 0.988)  L 2  6 3.195 104  simplify L   191700.0 simplify  L 2   1.034436 L 2  264.866004 L
r
r
r 
r


 r
 r
2

Simplify

 0.103 L 2  264.866  L 2  191700
r

 r


 56.217557218163145479
 0.103 L 2  264.866  L 2  191700 solve L   56.217557218163145479
r
r

 r
 24.267244929547545645i

 24.267244929547545645i


Lr  56.21755721816314547 in

Lr
12

 4.685

Figure B.1 (Continued)
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Appendix B (Continued)
Determine Spacing between isolated supports - Method 2 (mildly reinforced)

Properties:
f'c  3500psi

b  12in

f'c
f'r  7.5
 psi
psi
lbf
f'r  443.706
2
in
w  1.2  h  1.6 LL
f

wf  136psf

wf

h  6in

  120 pcf

LB  16in

LL  40 psf

3

f'c  3.5  10 psi
SM 

b h

2

3

SM  72in

6

A s  0.0018b
 h

fy  60000 psi

d  0.85 h

2

A s  0.13in

= factored load

1.) Determine Moment Capacity of mildly reinforced Concrete Slab (wire mesh)
a
M n  A s  fy   d  
2

Cc  0.85f'c  b  a

Cc  35.7 a

Ts  A s  fy
Ts  7.776kip
Cc  Ts
a 

Ts  1in
35.7 1kip

a  0.018ft
a
M n  A s  fy   d  
2


3

M n  3.234  10 lbf  ft

Figure B.1 (Continued)
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Appendix B (Continued)
2.) Correlate Moment Capacity of mildly reinforced slab with moment at midspan (M+):

0.025 w L  L 2  M  simplify L
 f m  m n
m

Simplify without units to solve equation





0.025  136 L   L 2  3.234  103  solve L  solve   3.4 L 3  3234.0 L
m m
m
m



 m
Rearrange equation and solve for
1

Lm 

 3234 
 3.4 



Lm  9.835

3

ft

Figure B.1 (Continued)
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Appendix B (Continued)
Determine Spacing between isolated supports - Method 2 (reinforced)

Properties:
b  12in

f'c  3500psi

f'c
f'r  7.5
 psi
psi

h  6in

SM 

w  1.2  h  1.6 LL
f

w  136psf

A smin 

f

wf

LL  40 psf

3

f'c  3.5  10 psi

lbf
f'r  443.706
2
in

  120 pcf

LB  16in

b h

2

3

SM  72in

6
200psi  b  d
fy

fy  60000 psi

d  0.85 h

= factored load

If area of steel is greater than Asmin, then treat as reinforced
2

A smin  0.204in

1.) Determine Moment Capacity of mildly reinforced Concrete Slab (wire mesh)
2

A s  .204in

a
M n  A s  fy   d  
2

Ts  A s  fy
Ts  12.24kip
Cc  Ts
Cc  0.85f'c  b  a

Cc  35.7 a

Figure B.1 (Continued)
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Appendix B (Continued)

a 

Ts  1in
35.7 1kip

a  0.029ft
a
M n  A s  fy   d  
2


3

M n  5.027  10 lbf  ft

2.) Correlate Moment Capacity of reinforced slab with moment at midspan (M+):

0.025 w L  L 2  M  simplifyL
 f m  m n
m

Simplify without units to solve equation





0.025  136 L   L 2  5.027  103  solve L  solve   3.4 L 3  5027.0 L
m m
m
m



 m
Rearrange equation and solve for Lm
1

Lm 

 5027
 3.4 



3

Lm  11.392 ft

Figure B.1 (Continued)
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Appendix B (Continued)

Determine Spacing between isolated supports - Method 2 (unreinforced)

Properties:
f'c  3500 psi

b  12in

f'c
f'r  7.5
 psi
psi

LB  16in

h  .5ft

LL  40 psf

3

f'c  3.5  10 psi

lbf
f'r  443.706
2
in

b h

SM 

  120 pcf

2

3

SM  72in

6

w  1.2  h  1.6 LL
f

wf  136psf

wf

= factored load

1.) Determine Moment Capacity of Unreinforced Concrete Slab (wire mesh neglected) based on
Elastic Moment Limit
3

M cr  2.662  10 ft·lbf

M cr  f'r  SM

4

M cr  3.195  10 in·lbf

2.) Correlate factored Elastic Moment ( M cr.) to Moment Capacity of Slab at midspan (M+):

0.025 w L  L 2  0.8 M  simplifyL
 f m  m
cr
m

Simplify without units to solve equation





0.025  136 L   L 2  0.8 2.662  103  solve L  solve   3.4 L 3  2129.6 L
m m
m
m



 m
Rearrange equation and solve for Lm
1

Lm 

 2129


 3.4 

3

Lm  8.555 ft

Figure B.1 (Continued)
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Appendix C: Design Tables

Figure C.1: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
3000 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.2: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
3500 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.3: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
4000 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.4: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
4500 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.5: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
5000 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.6: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
5500 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.7: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
6000 psi (Mildly Reinforced) Interior Support Bracket with 16” Arms
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Appendix C (Continued)

Figure C.8: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
3000 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.9: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
3500 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.10: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
4000 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.11: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
4500 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.12: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
5000 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.13: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
5500 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix C (Continued)

Figure C.14: Support Spacing and Maximum Lifting Loads Based on Slab Capacity of
6000 psi (Mildly Reinforced) Interior Support Bracket with 24” Arms
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Appendix D: Bracket Testing

Figure D.1: Strain vs Load – Strain Gage #1

Figure D.2: Strain vs Load – Strain Gage #2
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Appendix D (Continued)

Figure D.3: Strain vs Load – Strain Gage #3

Figure D.4: Strain vs Load – Strain Gage #4

275

Appendix D (Continued)

Figure D.5: Strain vs Load – Strain Gage #5

Figure D.6: Strain vs Load – Strain Gage #6
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Appendix D (Continued)

Figure D.7: Strain vs Load – Strain Gage #7

Figure D.8: Strain vs Load – Strain Gage #8
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Appendix D (Continued)

Figure D.9: Strain vs Load – Strain Gage #9

Figure D.10: Strain vs Load – Strain Gage #10
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Appendix D (Continued)

Figure D.11: Strain vs Load – Strain Gage #11

Figure D.12: Strain vs Load – Strain Gage #12
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Appendix D (Continued)

Figure D.13: Strain vs Load – Strain Gage #13

Figure D.14: Strain vs Load – Strain Gage #14
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Appendix D (Continued)

Figure D.15: Strain vs Load – Strain Gage #15

Figure D.16: Strain vs Load – Strain Gage #16
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Appendix D (Continued)

Figure D.17: Strain vs Load – Strain Gage #17

Figure D.18: Strain vs Load – Strain Gage #18
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Appendix D (Continued)

Figure D.19: Strain vs Load – Strain Gage #19

Figure D.20: Strain vs Load – Strain Gage #20
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Appendix D (Continued)

Figure D.21: Strain vs Load – Strain Gage #21

Figure D.22: Strain vs Load – Strain Gage #22
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Appendix D (Continued)

Figure D.23: Strain vs Load – Strain Gage #23

Figure D.24: Strain vs Load – Strain Gage #24
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Appendix D (Continued)

Figure D.25: Strain vs Load – Strain Gage #25

Figure D.26: Strain vs Load – Strain Gage #26
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Appendix D (Continued)

Figure D.27: Strain vs Load – Strain Gage #27

Figure D.28: Strain vs Load – Strain Gage #28
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Appendix D (Continued)

Figure D.29: Strain vs Load – Strain Gage #29

Figure D.30: Strain vs Load – Strain Gage #30
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Appendix D (Continued)

Figure D.31: Strain vs Load – Strain Gage #31

Figure D.32: Strain vs Load – Strain Gage #32
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Appendix D (Continued)

Figure D.33: Strain vs Load – Strain Gage #33

Figure D.34: Strain vs Load – Strain Gage #34
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Appendix D (Continued)

Figure D.35: Strain vs Load – Strain Gage #35

Figure D.36: Strain vs Load – Strain Gage #36
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Appendix D (Continued)

Figure D.37: Strain vs Load – Strain Gage #37

Figure D.38: Strain vs Load – Strain Gage #38
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Appendix D (Continued)

Figure D.39: Strain vs Load – Strain Gage #39

Figure D.40: Strain vs Load – Strain Gage #40
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Appendix D (Continued)

Figure D.41: Strain vs Load – Strain Gage #41

Figure D.42: Strain vs Load – Strain Gage #42
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Appendix D (Continued)

Figure D.43: Incremental Load on ISB-07 Until Failure
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Appendix E: Extra Figures

Figure E.1: CFTL Testing Sheet
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Appendix E (Continued)

Figure E.2: USF’s Calibration Certificate for Ram #2
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Appendix E (Continued)

Figure E.3: USF’s Calibration Certificate for Ram #3
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